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bj OJju j^£JI IjA k * k p^i ^juu f-Ljjii 4nKi : ku-ubu^l pjkJI 3 Jjl£j ^a pbJuiJI 
ijtjbl jju CaVxLilil p^ib jkibu ^jil pbuU&JI pk LgJLd JjLuujj pjkJI Juki ^Aj .Ijk IjppS 4ui 
<jbjVI CaLiuk p^k ^jjuj LupjJjuaJI pk j .k-aJI CaLuLsJI ba Ju*u Uj j^Vi\aj jJ jjjJI pkj 
p jilil (jxiLuj! ^Aj ppkJ! ^1 pbjuiil ^iLb ka Lpi!l jSLi j .kajbooil plj^pVb ^jjuj dLiiil pkj . 
kkgbJI ^Jl ^jl U jAj jjSLil Ijpl kaSkJI ju3l^iJI pfi ^jju *bjuiil p^ij . JjLgJI plpaSbJI j II 

pJbdl t ^i 3jLkaJI 3jLi kak jj.oJ.mdl j o jJlII j£j pJj . jVI oji-ll Lłj pk ^Ul kajLkaJI ^LlcLu^JI 
. jj^k o jJlJI Jui *bjkJI jjulpi pK* a iii itfrtl Jubai ppl jl£p . jjSJI IjA jjulpi ppi kakU p^Sljjb VI 
. jJlaIojlaJI p cjJ-*JI pbk £-kp ju VI ^.k ut pdl p CabubbjJIp dkil p pLuliSJI p pbJpiJI p okJI jaj-uj! U p 

^3£p <ppi £ A ~^ a ^-11 u4l Vbp juii p lJl 1 1 (A j a>; p * ju £alpail Jpau L^Lkukjp ^bjuiil pgi jl 
Jpa^rtll jpkfillp kLŁlu-uail jbiVlp jlpi aa^ll jbbJlp bjjulp bpjpl ^i JjtAJb Ca J-a.b IjAp .pjkap 
jlpnaS ^-LJLuaup CaluuaJI >,uSjl ^i jVI jpuauu ppal pu .ękjuiJI pk jbu ja <>3 a JS jpj jipllll p 

.jjJlUIj 3jjJI pl jkj-tub jjj 11 ^ 1*1 pjj bjj^j .A Tnp II 3jŁui Jb 

VI ci jl JuV pik vLkJb ćLukj ^-k p$kkJ Lbl 4l(gpj (^jJlj . 4k JbaJJ JJJ^± V ol^.j pik 4 jI 

cAj pi jl (Cl li Labs VI (J-O 4lijk 4l ml ml 3 II pjilil jl .^1 JjVI k j^iil 3 jŚ J pixil 3 J),h uy 

* * * 

l-x£j3jmj jl VjI 4i JjV jls <ui pAbu tjA JS . £jjbxo pil lii .pSljlb JJluSj 4jSJj jLpi pjilil I JA 

(jSJj .^JjLUI jpC ku Lub VI 3 j pb II pSl jj ,j-o p ilaJt II ^j-uaJI I JA pLu pj bjuLuj .4j_b jjj^V I 4iik b 
3jj^j sLliaj 3 jji ^i 4i jJla 4^bljj ^puj bu <k j-uuj pjj jl j-l^ulII I ja ^i pkil oJLb ju opliauJI 
b JS j-u2u^ jSbj Ijl (_SIiS .3jJJ-^-o 3jlk Ijb.1 j Vjl ^AJ Jbba. 3jlk Ijjj^. ui-ijl 4bSbj ^ka. 

\\§ \ m bi In ml jj ^i Lbl kaJI j ut^k ju ^cJLubu pu p^ij 3 J J^u kuul jj 3jji ^i jjij I 4ui Ibiuuu 
cuauJIj pLudl JjlusUj ju kbjk CaI jjuu j£ uijkJI (jbJuj 4uJI IjJLuaj b kua^lb. jbb jjJjVl L^ui 
bbi jjjbVI 4 jJI ^ujI bj pjLbJI ju ^_ua b kii jbb .Calilikyij CaVjk-blJ 3 JALulaJIj kajjpbJIj 
puALiuJI ^k JSjj jl Luki pu ju j . jjjUl ^ ju ^.k ^j-uuJI Jiubl gubu jl jju p^iil 4uk jiuuul bjj 
pkil JjLualij 4ibj j^l piu jl jSuu Mi < jju bi Jjlus lilii djljj pblJJI Jl I jA ^i kuubuVI 

ju jjs^a jj£. ^k- j^jj jl jjV Lu^Jj -pjkJI ju pk (^1 U* j }* tr) (S* kalu^. ^uki 

.lA JJU bJ j^-bj < kuu^.juJI j ka u uj jJI puAliuil 
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:£il d^ J diMJ ^Jl c-ildSJI IdA p 

JjVl J-u^ill JjLddj ^ . j^JI IdA CdVLuadVł J£ ^LujI ^Aj CiL^jaJI ^JjVl dd^jJI JjLddd 

JU < 4 t ni CdL^.jjdl jj-us d^l jAj pj) ,^ll JjLddj ^jLUI J.,uaiJl j .4 jl^,jaJI 4£j^JI jjuLojI 

^LuL^ill Cdlh^nll £-d Ja^aljdJlj <nil jjShfill dJ$^J jjLujI J < J^jJ^ifillj 4x1 jVI Cdb>. j-o : 

. 4-LfcTi uill jUiVl j-^- 

^dJI LSaliK tnll Jdlil jiJ jldlbl ^Aj Cdi JUlII J Jjl j_udl ^Aj j^jIjaJ! (jolj^k Jjl WU 4jjLjJI dd^^JI Ul 
ĆJilil J.uai.11 < jjIjaJI 4.1 L^. ( ^i j ^bdl ^jjLUI ^jJjlUI I 1^.1 mljd ^j^j-uj 

.4£j Vinll gdlj^Jb £ IjJI J.t^.11 j <4j£LuJI jjI jdJb 

.(^jctaLkJI J-uaiJI CiIjUlII (j-ul^ 4ouljd Ću^ Sjlj^JI 4dJldJI dd^jJI JjLidd 

: oldSJI IdA ^xjj diij 

dJjj 4-dLadl jaJLAlidl iS l£. Jd£jUl j 4 juuI jdil 4 JU,jaJI ddA 4 jjJj_uĆJ 1 J-LC JjuuaLidJI j jdda>J1 4JI Jl — ^ 

^bdl ^iil 3 j-luLls «,i uVi V ^Ul Cdi jbJJI 

jl (cdj </ill 4JU> ) bjla Ua-gjj CdLx jaJI * dLŁadd ćua ^xVI jaJI LAjbd£b CdL^j^Jb p jjJI — T 
Loj isuujlJ 4-L^Lk 4JL^, lAjbdfcb jjIj^JI Sd^J Iifi .(Pj_ddl JJL*. MU) isuu^JI IdA <-dKVi V 

.j^kV JjlSd j-d Ja-wjjJI Cdi ni ui^k J Lidii I jl CdlJIJdAl j-n 4ji CddxJ di 

CdljUUI (j-ililjij djl jjUI Jj^i I jj — r 

^a lj 11 4-ubJ-iAJI ^ulALslolU <Luj^u^dl 4 4 a j 4 iI CdL sljlCLilIJI 4_llLoI ^jLdSLil JiCd — 1 

4_ul jj^fl CdUjll nil ddA jl ^lx ^ ii Ki Ib Jbjla Ul lad jJ 4ddl jjl CjUjJjlaS jl j^-iil (C I pIjjai 

.^nll U jjj) unii J-ui lAjJJ Jlajj jUdn^l ^ 4-nJ-b jaŁ 

j^kl ^d US SjJjas JSJ l-Sjlus jlb 4 JjU 4^-ualjJI 4 jJ^ nH jj_uaJI ,ja JjIx ddX ^-U. oldSJI ^— 0 
.djjKinll 4juujjddl odSJI 4 xaJ1jl1I jaj-uLUJJ Lidia jl jJI 4JUjl oldSJI 

oJliaJI ^dJ dljdVI ^jid JjJjUdJIJ 4jj.ujVIJ iUjKnll 4-lUVl Jj-4 dJdxJI ^ix oLdSJI — 1 

.4_LojLujVI ^dALidJ jjuAjdl p^iJI J ^dbJdiJI ^jJuJb 

4juubiJI CdbjbJIj 4djbJdiJI Cddl^lllj CdIJ-xIj dbu^lj J^njJI J>£ CdLi^in 4duu oldSJI JjJ — V 
pbJdiJb 4-ual^JI jil jjJI ij ^jljLablj pUJjUI i p-UuwIj 4jdbjjJI 4Jd^dVI 
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4jJ il j 4jj jjdl j n* 11L Cal lh i^nll j 4 jJ il VtVI 4 jlUL CaV jLjlaJI jl oLjSJI ^xjj — A 

. 3 jJI ^UajJJ 13 iU a a i Vi m, aII £al j^jJI ^j 

(£j-u2laJI 4i j-jlaJI JLjj lajljjj ol3SJI jjjJj j£j — ^ 

www.ekb.eg 

cJ^UaJJ Ijoa au Jlj 4 ^jJLaJI ^JlcJuJ ^jI jjl jiŁ U L^jlo j ( Calx luj ^9 ^2 b La L^-LA 

.g^Lb^lj ill (j-A jjjaII 

^1 j_kVł j «LuiJI Ljlj-i^^Ub — 4 jlUI ^Ij-a. — ^ ••* aj jJI gjAJI ^jJjlLI ^il "«<~uiVI jS jaJI jij — ^ * 

jlsuuSfl Jtl£ JJjJ Vl 31x1 J-A ^A 3 JjIoaJI 4juuI jjJl (.uSlI 4 -laJLsJI oUl-oIj^I! 13 iU oLaSJI Id^J ^3iJI 
(4 -laJjlII S jLaJI (j£. 3 j-ulaJI jj-usJl ^a j < j-udl jV jb-uj T i <jx Sd^jJI 4^4u*>ll 

^ix xkLa ,jL oJLbJl ^Jl 4JUuj 4 ^jj 4jL^UI .(wJLkill uJa. JaLaS ciMiUl ^i al^uj ^LaI1&V 1 j 
I^jla J-aLslaj ^Ul Cj 1x1 JSj 3LlaJI ^1 LULa J£ ^LjJaAJI oaj p-Lj jjlAJI 

1 .^ 1 pLjJjJlII jxUjJJ (jjSLj jL jxijXa11 4JLujjJ .oJj£JI Jj^J-ulaJI ^ Jjjjl ^Jl ^J Vi U) ^jJI dli J 
jjSjJ 4-la jjJI o ILuIaJ b ^ j^Jla JS Jhjj £A j aaJj V LLoJ 1 Jib ^Aś. ^jljla o j-LujL j 

<4)1 jjb JjlŁłoaJI x uj jjA ^LaLaI 4-LliaJl Ja (j-u jii .LuAaj Li j-ula ^JjuJI 

^lx pJju ^bVl (j-A ^jj 4jI l5 -Lx jlijjdlj J-uaiJL dLx ^ Ćjxxaj j LujJI 4 jx LaJx jjSjJ 

s* 

.1 I JliSj . JyI <U (^jJI Cul tdjl J ■*!** A jł-bdI Jj ■ I j ‘*lj >j 

£l_jj_j_Ó_II ^_di_i_o iii_cl ći_i_ą_I 

i Q nip ; o "> p Jl_o_A u » ^ ^ " i.i 

■t .J . y .,111 ■> .Q,.^ „O ^_ol_LU ■>„ .O.A.O -i.! 

O 1T .; ■■■ II O ^ ff u Ó K »-> Q .a 


ti ■■■ Ci_ st _I_la *> o ^ o v9jl_li -i 


ki *> .1 ■■■ fDL_ł_L_S2_ll 
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ub^ułł 
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Qq^Qq 


£A - f.: CjL^9_oJI : ^jJgiJI ó^^gJI 

£.ćLl3<^oJ| ćl^j^JI : JqiJI J mÓJI 

rr. £. 9 -kżji : oJiiii j móii 


AT - £9 :£ul<^oJI yoIq^ : ćtjJOJS ó^-aqJI 

O* Q i-M ni II ^Iq^- i"i ll‘i II J i^QII 

V£ ĆLS^aloJI ful^oJI uol<^: fuljJI J^oll 


1*9 - AV.: ÓjIj_hJI: ĆLjJLjLII Ó^J^gJI 

AA OljLśJI OjJlqi>: yu pl^SJI J nÓJI 


V 


J 










f ) tulili j«uii 


























(SjLjluj) 3 jajulg ia\ jx cjlcI dli < pLU ^dauuj CiH jJJ 4-iilA julLo Llubuu j^ui 

43jl1a jHVI Htbuu jt^jj tjifrjj ojLill jlilii I jajulg ujLS 4iJui o j-ułu jl <dLamJ) jjlud Cluu 

JS jijLucu jjSai < 3SLua^> — jl (ja — pUJ ^lJj 4£jj j) 3j i^ki <^bLui ^lx qu jJHJI 


Lbj £( S^oJsola jjl JJ 4 jjlA ^1x pUJ ^Jaxu J utVl.l Ulijbuol jJUdOa 4jH&i pUJ ^Jbuu 3 Lu2l^ 
uU.j-U-i ^Jx O^-lbu-^l U jAj ^ — \ JSoi ) SIua^JI dliii JajŁu.i ja 


.diUbJI JHuj JiHu oljbiuSI 4^j-U-i 



<^jjJlI ui jjl& ^Lluo JS ul jl (jjJaj Lc Ij-u^i i l^iili ^HJI CiHjAI Laj^ j Jb pLU CiH ja CiuuJ j 
dJj£ . iHa 366.7m IgJ4buujlia j-i ^lx ^SJ l^JLuijl Ijuj j j\5Lu 3jJ&liLII 4x1 jl 3jJ&LiJI Ha : LUjlp 
(JLyJ\)^\^uu 3 I jAJI ^ j min CiH ja . i 1 JjuHi UU^ < 3 jj-usJI j Ci j) uall JHu jjj4J3lli 
dlidS .3 jjaaj Cij-us ^Jl ^111 < JbilLui^l JL^ fii J 4 juC iijLuil ^Jl CiHjJJ ddA Jj) Vni 

CiijLaiVI Jj^ili lu^ Jlinmij ^Jl JuujJlI ^ £*j) 11 JiHi CiHJ^LxIli M (j^i-dlUI 

i JLu^JlI Jbuu jJI J IjiJI J aułu 4xuULbL Ci ClijLuil ^Jl 1^.1 J < 4ju ClijLaJ ^Jl 4 jliJ.uSlM 



^Ll 3 





































Lab^J j o jJI SjLujI ^Jl * JiSluJJ ^jJ Jj a ^ U ^jIja 1$ 1 iśl uuj 


• Sj>us 


CaL^. ja .La jlial l^Sjjj jJ).Łl1U1 j jjjjibJUlj jjjI jJI Cab *.(jśJj <LaI jj pUJ Cab* ja 

j\aj^\ Sj unYU CaL^jiJj oj uall ub.dJjSj Mechanical waves A-i^LntSba CaL^.pLil 
£a uuI^LJla JjĄŹ ja ^ajuja jj)4J*ill j (jjjjkiHl\j jjjIjJI ubjj <j£J <LaJI JliAl pOj) 

Electromagnetic Waves 

(X-rays) 4.a n uJI 4JuiVl ub j pj^-bJI ub JA — Lułul — a * »i. tUI\4 ^j^SjI <>dA 

<4jl9 j.ul.uj ujLa Usuuj 4 aibla 4-aSbabjJJ CaL^.jijj .La j-i£j < fcbuxiVI ^bbll (J^jlLjuuaM ^dblLula ^jJI 


*1 jUl jl umVl Ig.lSb i jl JbajjJI IdA Jia Jj Sjjj-tb <„iJKn V AjuujLiblULoCabk^Xl lala i 




<ul*d*Yl wLSbo !d& ^3 vdbyw 

: Jub<j! laj \jJl (j- 0 ^j»yg»oJl *1$jA^Jl <db> 

_ _/ 


Mechanical waves SuSLul SLxA\ 


: Jj 4 ^ aMSbU Cab.jJJ oJKu 
odadla jl JIJIaI jJjl&a O ) 
.JbuujjJI ^Jl jduaJJ J£iia oljb.ur>VI <^a ( Y) 

jljlA^I Ja^ J (^dll Ja-ujjJI (V) 
:lgba 4Xjllaj Sjbi£ djlgJJ jjLuaJUj 
( Y — ^ JSui ) AdbaJI Jjjju Jla < jlg-U laJutujJI JjdajJI ^ ) 
(r - \ JSui) SjlgJLl £aUa i*jJaS\ (Y) 

(t-' Jt&)j3^iji^i (r) 

^ JSbji) Yoyo jjjjJL wijJU La j djljlAl pOj) cila ^JjLa JSj ( i ) 


































t Displacement jVt : Jla , ^ 11 a-ubjjill CiUaSJI L yA .ju ibjtjlA^I Ss j^Jb lalijjj 

aajU! j < Periodic Time <^jjaJI ^jJI ^Complete Oscillation £l«l£JI Sjljia^lj Amplitudę aauuJt j 

:l4ia JS LuijFreąuency 






























djljSl (jt <ClaiJ ^ ^uiąJI jju ^a Displacment (meter) 

. dfl Virt d_La£ ^A J < ^1 ,^Vl 

(juiaSj (>j diLuJtt ^ <LaI j( ^^^ii ij* Amplitudę (A) (meter) SjtjiA^I Sjum -T 

.<Lajjlia $ IaLua LaIjaI <Gtjou (j^j <GSj^, jLua (| 

ddia^JI 3jiiJI ^ j»aaąJI Ififlju ^1 SS jaJ! ^ : Complete Oscillation dl«l£Jt 3jt -V 
dJ jj2Ł» (^1 i j^lj .>LaJI ^i j ^rGjJliHa (ju«GS^ jLuia ( '| 3 j^I j <UaSjj £j u ^ Aaj 

. j<S jI jj aJL^llI a_uxuJL Phase 

->,„i-^11 l^Aa-i ^Ul Aialill ol jljjA^I jja ja (Freąuency (v) ( Hertz or Hz) jj jill -t 

. 3 j^l jjl iLulill 

jl < £1«IS 3jtj3At Jaa jłaaąJI di(^jJt ^jJI ,$A Period (T) (Second) y^jJI -° 

• d^l j j>LLil (jGjJliiiia (jud3 Sja jLuia (! _Ś Sj^J J dPi~4‘u jaąJ ^ouąJI dijAiiuu jJI ^A 

( 1 - 1 ) 






















Ci \%a 49 J djJLłj 4 jl 9jls (J* Cul1aJ jxlLa) ^Jbuu lxj-uij-o M9 j l lii^~i I jl 

ó jljSluil dJA.1U 4. i ^ <>LiSjjj djJLłjJI jj- 2 wo <>L^jI Jilll < ^-UjlJ JbjL^ 

. 4isuuxuJI 4jti&iljUl 4£4£J^JI 6JA JIa ^aouJ (1 — ^ j£du) 4 a£ IJJJUJ d jJlJjJI 4JJJjj 4£^ 

J u3 Vi (j^jJLl 4 i mil Li d jl j<Ti ml J j\ m^Jl J^J jS jA 4Ju^ d j Vi 1 (£jJI ^UidJJ H^luj j I jii 

.4K1mil) AjiiiljUJI Ss j-^JI Jjlaj La ja j (V — ^ <j£du) Sine Wave ojl^JI ^jl^jla y& ^jLu ^jl^jla 



4hi U\ ill 4199 IjUl 49jJiJI 



d^JIdpj 










































































jd»VI ijJbJIj d jJJj t$jijla Jjd ja £j-LLa ^(julal gJh-cu jj* m 4 Jj£ JjuaajJ Luajl 

(j^jJI 4 ^^ m aii\SJI I jli (IA — \ ^_cul j JLuLa* jjjuJI jia akg ** * Jjjla d jjjj 

jaglani) I JA j in>,<A n A j-Laj ^Jg d jJJjJI jU X = A jil ^Jl d jJJjJI jj-^a alaul 


I jSiAj .AjulZLa ajjuai ćGLLL^. in*<A ^Jg dJj J^juj <(jL 4 liJI d jjjjJI ^lg ajib jjjj Compression 

JjKLuij j-Laj ^Jg djJLłjJI jU X = —A £_uaj ^ig dJj Jjjuj j^ajJI 4 ^, ^Jl LgLu JLgLuajJI J 3 Vn 
jjg (j^-ajJI ag-^ jJujjj La Cjlg j-uj Rarefaction J. li^lil I JA J a IA i 4 11 ^ Ig jj adliLL^. dg Luj j 

aj-a x = zero jl j<SjjuVI £_uaj ^[m&ljdJI jjju Lajjg d jjjjJ l 
(J jJI ) JLuu jJI CiLajao^, o JJ JJ <jg Aj-uiIj 4 ^ ja Cj^Lk LkaJI j Cjllagl <A \11 ^a 4 .g ja^J> I ajA Jkaj j 


.cjI jla.ua VI JUSjjI aLaul 4 utk\ jA ala. jil jluml aladl jSJ j aJaj-uu AjJlil jj ad(d jjjjJI LjlA aJiaj 


Jjia g oMdJddJI j oliagLualil JSjjj du Longitudinal Wave ajJ jiaJI jXL jJJ a ja j 


.(<u A — \ JSLi) d jjjjJI 



















































<V Ss. jjx u j ullu jj(jSbAJ 4bumu 4jL^it jj 4£^ ^*1 urn ^jJI o b^U-U jJ-uaXl (jli I j5u&j 

uUdJj ^Jx JLLj < 4 jI J3l j-ub4bumi 4jiiiil jj 4££jj JJ buoijJI j*jb Ojl^ 

. pl^Jl j uYiYi ^111 4jJ jbJl O j) uflll 


{ jJCLajL^lt CjL*^*Jt 


4ijb Ci iLj < j jj_ulp ^Jiil Jj^b Jj^ cijb Igj Ci iL j _-= jl j d jbj J 4 ~i \%a m 4-13SJI ( j \ Ij jj-usu I jl 
bt-u j*jij ^-tul jJI oLLVI ^ Łbjuuj 4_iiil jj 4£^ J^ju < m 4b£JI ^jij Lobii < ^-uJ j bjL. ^i jjjuJI 
J-uull qa Pj^JI liA ^Ul plj^Vl obali (^jj)J lb&J ^(jxiijy CinJJ J-L^JI cijb dJjJ 
^iil oLul ^i 4^.4 jjlA Jjc^JI Jjb 4Sjj^JI J^v; | j . J^VI ^b pj^ < 4 juLXL 3jj)uft i 

4^^ałuj 4^jJJ <>b&J ^-ujIj <>L^jI ^i 4bixuj 4-iiil jj 4£^ Ji^JI pljj^l dj Vn Lulu < V 4Xj-uu 

(^ — ^ Transverse Wave 4ob jJLLuxc 


































AjuuI jJI ^ n^kll Ml 


cijlall ]} AjlS jId j^I Ci mj < j jXul& Jjj-b Jj^ jiCLoiL ^1 min Ajj^jJI ddA Jjj pl ij 
(JSui ^i£ (Ji-tuV J IjlcuIj dl JJ dlj^J LaJj £j <dJjdJ JJJjaj j^Vl Aij-b ln\n 4 _uiIj Jbjl^j ^ JjjuJI 

Adk j-p A^. jij ^J-uu J i Jjl^JI J^b ^i£ j uujj i A tsi \\ JSoi A^. ja jl u ml ia^^j < PlllsC Acbcu 

(\ * - > J^j) Travelling Wave AJhJ 











































djstJUL* jjjuua w U^ ^9 j oujj jJJ jlb§ 

^LiijJo j^l jLj.fi. 4JbjuuJ 4 jlSlsIjj 


4hi u i Jl 4 jl££| jUl d£ jjaJI CJb ULb ^ 4 -L^j jJJ (j-A I jlbii) 4±ual ^JLd 4^*, jij &S& u3^ 3 

( \ S — \ JSJaj^ S jaLloa 

jl ( \ Y — \ jSui) 4 jJ^ b 4 ^.JjJ jj (jSb^J Ću^. < ^jJLJj lJlLoj JjJ-uJJ J i^Jl Jl jjlLujI ^jSajj 

( \ Y* — \ JSudi^ 4ub jJlLjulo 

—JiUb I jl . 4-iibSJI (juSiu ) JbuujJI CjUjj^. jj.ua XI jIl^J lajlfc 4 jU < ^jj La£j 

I j£Aj < Lg-di buujJI CjLIjj-^ Jf j < 4j 4,J ualX) 4J 3jjL^JJ buujJI CiUjj^. ^Jl jj.ua XI — Vj 

La lijSj jl ^iuj lo£ 4^,jJLli i 4 jl^> 4£jj^, 4 jjlA buujJI ol jb.ua VI I JJ& jl JljiA^fI I Jj& juui jj 

.4ilbJI JiLuj j4Yn oljbubl VI 



































iuj jio 





:LaA ijflŁ jj ^jJI ej '< »M<it I ol^ji.1 v °»‘* loH (jŹAJ ) j£Aj 

Transverse Waves Łló> j*haXI uLji.1 (^) 
Longitudinal Waves <uJ^JaJI o La.(T) 

i=LujjJt olljjĄ jjfi ^iJt oLą^JŁ. 1 dLD Transverse Waves <Lus^jlLuJ.I CiL^jili 

. <SjL2k^J.I d£ j^JI jl itnM <>bkjl ;jj^£ ^jŁ LgjlJjl j-a 

I:luj jJI oIIjJą l^iś Jjfł ^llt oIą.jJlI dJj Longitudinal Waves aJ^iaJI CjIąjJiIj 


. d £jjaJI jl .t,~;M Ja fjuśii •-_ 































» * * 


t 


tP 




Jf 


Ji-ujl j (^laS) ^IłI jiHa (jdi odsi 

(e u ) 


^Jt ^k jJ i<^ t,l <l 1 jjj (j jJt Ji-śJI jl (^lajj 

iiaLbj <jjjJI jjui ^ J ~»&±a - j <£sLb i _ J k 

jl Jiali dSj*. 

^1 Ja£iJf (U - \) J£ŚJI £y±jll*j 

juub *LjuVI ^dajdl Cibt^jJI JIaj 

JIaj ^jJI JaiLdl ^-fluxu buuu (Crest &a$ Uj jla) 
j bulli ^-tub cjJbaJI obau^l A^IJiU ^clLsjlJI obLg-UI 
jj^Jl plj^.1 j-a j (Trough £13 Uj jia) 

J^Lk juJlUa Lcbj 4 -aS Ćjj^j <bl < SjIJjAI pOj) 
^k J <C\ um <Łui jJlLoJlI 4^.jJlI ££j^, jl (^1 <4ial£ SjIjUaI 
.4ial£ Sjl J1L&I juJUb pbj 


\Frequency(v)(Hertz ) ^jułlij Wavelength (A) (meter) <^j*ll Jjtałl 


LgJ ^jJL) J^jbJb <Lui jJlLuJlI J-U ^ (juJbló jl jUjJbla (jub ^1 jU aILulU ^ 

juJbla (^1 (£jź ja jl juJbla (jUalLusu (^1 ja ju AiLuJJ ^ jjju La£ ( \ o — \ JSJi) 

( S 1 — S J^j) I 4 J J-tl J^iaJb 4 jJ^ bJI jij 


























\ ) jSuiJI Us (BD)i (AC) (>IiiLtaXI J^ldl JIaj jl < Ida ^l£j 

<>L^jI j i Sj^lj AjiLiSj < j^lj Cisj jl£j^kTi (Di B) i (Ci A) j^jjJIuju (joiaSj J£ jI 

(<>L^jVI jAi£jj 4^ljVI (jxiij U^J {J\ ) Phase j^iall jxi£j La^J j^Su i j^lj 

( \ *\ — \ J^uii) jjfiaJl jxi£j Ufrl jGjJtjla (julaSj ^1 jU AiLuJJ ^ jJJ J^laJI •*. 

(\ A — \ jSai) j^lj ^jjj JiLk ji*l l^S^Ul ££LaXI ja jl 



<Lutu j^I j <>jjS U^J (J 4-*^jij 4£ jjz Jl jLcclo , -i 4juJLa 4ł*)3 n j-aj ^jJI ulajij Jdfc 

.JJjjJI ^ujuI 






































- A - 6 - c - D - E -J 9 1 -. U .I I J-Ó9 

CD E ■ ,,„. 

r^X.->- Bj$a Jł, AjL^j 



• JjJall S Jjj JiLi. <Łi_3-t.1 l (] tt-i5"i v _yjJI diLuil 




iU^ls 4j*.y> ^ ^y.1 J^laJI '-ŚJjAJ 





* 












































4^jJJ (jiŁ X jJJ JjiaJI JjLsu 4iLuxo JJULA j^kl a J) jlSLo Jo V &£ J-CUJ 4o*jo CiJyiM I jl 


T V 



<# 


(1-2) 

S J^l j 4 tsi \\ j. CjL^ jo Jo I jllaS Cul£ pl jou uUjJJ £ I jjI jt umV 4olx 43^x £ju&j 

(^- \ jsui) 

jJJ Jjldl JjLju 4iLuo 4^jJJ JSUjj T ^jJJ JoJ 4 jI ^1 

4^jJJ Igal^sTi ^1 4jl^jJJ Jljls^l J& jl . Sj^ljJI 4 jjLUI CjIjIJjA^I J& JJjUlj 

. So^l j 4 jljIj Jolo aLUl J 3 j-uujJJ 


t ćj-^ 1 


t +T t>°>M 




























yiiiłi 


asjjuj lai 550Hz 3 jjIi.aH a A'ill jjjjj 0.6tn jUaś Lajg ai ^jJI 4jjj) Al da.y.1 JjJs jlS I jl \) 

S' pl ^Jl Ajjj Al o La. jJtl jLuujl 

:JaJI 

v = Xv 

v = 0.6x550 = 330 m/s 

J^ie jl£ j da ,^A 12 <Lu Li jal j ajOS (jaj daaata dJaSLu jaj ^lill s-LLI Cilaja JOC jLS I jl ( X ) 

Ci La ji.1 jl “■"*»! AS jau OLwal 0> lltl 3jal jJI da ^i.1 

JaJI 

v = Xv 

v = 12x0.1 = 1.2m/s 

I jli (3xl0 8 m/s) śLullII jia jJLS Ali 300 ^ jLu2i dx jmu pLiA4.II pj Ali jLy j »m"< (Vj 

ępj Ali laa jj ijj lai 5000 A PJ) i.^H ćL^>J jlS 

1 Angstrom(A)=10' 10 m 

: JaJI 

v = c=3xl0 8 m/s 
\ = 5x 10 3 xl0 _10 = 5x 10 _7 m 
c = Xv 

3x 10 8 = 5x 10 _7 xv 
3 x 10 8 


v 


: 6 x 10 14 Hz 


5x 10 


1-7 


aęgga 


fejg&fł 


Aa jjLali (3^ 




!aLIaoJ| JajljjJl d^>- ( j-a Jl 43jA^Jl 






































(JA -ÓfcG 


.(GLiaJ! JGjjj J3Vn oljisuubt : (L*.jJJ • 

. L5 ludVl ((Gljbl jl ) 4 jjSuw £_cG(^1 * tu^JI JJU J& : (l^ljVl • 

jLuxo 4iLaJJ ^ jl o c^Ljja jaih (jA Jbg XI * ii 4^1 Jl ^ : A 

.(La jjLla ^Vl ^ •• J UUo La&Ij^I 4jjłj-uj j jSj jb$Jll ^-cul^JI (CS^ 

^bJI (UulajJI S jbiJl (,K> ut 11I JjjjuJI JIa ) jb^JJ j\ m^Jl Ig.J o X\ ^bJI 4Sj_^JI :(LLaLSJI • 

. j^l j oLGl -i jGaJOGa juj-a 43S^ jLula (Llula 4lV<im <>jJj-^ ^-ubtAj 

.Sj^IjJI (OjLUI jb^JJ j\m^Jl ^bJI (LLaLSJI cJ Jl jb&VI jo£ ^ : v jj jbJI • 

= jj jbJI 


.(LuLj J^l j SjJ^aJ ^jJi (U^.jJJ 4Sj^JI jLula 4 ula 4JbŚ4J j-aj ^bJI CjL^.jJJ JJ£ jl 

(^jJI JA jl <(LLaIS SjlJbAl Jb£XI jLxa^JI (GjJU.uu (^jJI ^jaJJI jA :T • 

U& (jGjJlbbA jG(GS^ jLula 4JUJLA 4-ŁGjj j-^LlJ (iaLauJl JjdbjJl JIa) jb$JJ j\ ui^GI (GijJU-ajJ 

. j^l j obGl 

: jlx jj 4 łSntSjJJ uUjij • 

,<GJj-b CiL^j-A ( Y) .(Lub jjGjala uL^a (\) 

oLGl ^ l^bljbl £-ublJbuujJI CjGjJ^. l^-ii Jb$b ^bll CiL^ji>l dLIb : (LubjjGxaXI CjL^j-U • 

.4jl^ jJlI 4S j-^JI jl a ml <>L^jI 

JbG. j^iij ^k. < L^jIjjI ^-ubl ^a buu jjl CjGjJ^. Ifji Jb^j ^jJI jJlI dLlb : 4jJ ji^JI CiL^jJlI • 

.<Łu^jJLi 4Sj-2kJI jluml 

.(GJGIa jUGj ^aS (ja ^jjSb j (LubjJUaaXI uU• 
.(LJGILa Cj^Lb-Lkbj CjLk^Lubj (jJ^bb (LJjJbil CiL^ji»l • 
^uij) jjiaJI (juij La^J (L^ji»l jl u ml oL^Gl J jGjJGj^ (jGlaSj ^ (GLcaXI jib : JjJbJI • 

(dLaG^I jxG j j < (L^ljVI 

v=Xxv : CjL^. jluml Ss. jjm j jJlI J^ŁaJI j jj jbJI 4S^L*J1 • 























AijLUit 


=0* js : y/i 

*Lu2> jJlLulXI 4^ j-Ł I — Y 4^ — \ 

4^,ji*l J^Jo — i 4 jJ jidl 4^— V 

:<5uJLUI oljUaJI <> JS J^sl : LjQ 

0) 

^A SjljuA^fl 4JUu (o) 

^ ildl^JI SjljuA^fl (_Ą.) 

y> <>,pi ( J ) 

^A ^_A ) 

JtflUJLJ :lili 

S‘CiLa. ji.1 j Lulu I 4X juuj ^ = ji.1 J^jJaJI j jj jjJI (ju &>5bdl ^ujlLuiI 

: ^Jj Looś g..»^L uall jLlLs.^ 1 ^Lal (•/) £_uś : bul j 

: ^A ^^JLl V IAjjjJj (£jb Jbuuj V CiL^.jJU jLuluI 4xjuu ju iGj^btJI — \ 

v =/- M v=Xxv 0) 

A 


4^.i^ t<~> <ŁiLd Jj*.jj V (j) V — - (-^) 

V 

: (j-A CiU4-ui jJlLulU uUjJJ — Y 
. CaM \ 1 \ i j CiU^cL-ij (I) 

•u^^i ^ (v) 

<>Ldl l^j jź-uu £-uil3j a oliLuU JbuujJI Lg-ii d jVm j (jUlaS j 

.UjUujI oL^jl JAfc 

1$jjSuuj £-d>lj-a 3j ,\ <^>3 O li Lud isuujJI l^ji djVuj Vij CilbilLuaj (j) 

. 4jl^jJL) 4Sj^JI jluml lad (jgjj 































666Hz <Lgjl III j jjj j 0.5m ja ^ jJjlćla ^111 Ajla ji*l J^b jl£ jl — ¥ 

.pl^Jl CiJ-UflJI jLuilul <XXjJjU 

333m/s (o) 338m/s(1) 

346m/s (j) 330m/s (ę) 

^ji*l IgJ^b (jjźj 225Hz Ujjjj *ui junn 340m/s p)^J l ojuall Ss .jjuj culs Ijl —£ 

: jA jlXb IjOiLa 


^(v) 

4 


5 , ^ 
- ( J ) 

2 


U) 

3 


20 (C) 


300xl0 3 km/s <Ct jj*jj s-LAill ^ j (lAngstrom (A)=10 10 m) 6OOOA 0 ^^41 dJ^b ?■ -« 

ojjjj (jji* 

4xl0 14 Hz(<_>) 4xl0 10 Hz(1) 

5xl0 12 Hz (j) 5xl0 14 Hz(^) 

i »<jU d 1 ntMI ,j< (juta t-> nij (jlj 256Hz< 512 Hz L&aIjjjj (jlli^^a — 1 


— M 

— 0) 

2 

1 

— (•») 

-Lfe) 




















$£.JJULL1 JM .UJJ 4 I unt^liLaub.jJJ ^AXUJ ui^.jJJ £-uJ J (J-A PJ) i^lll 

^ ,ii *UI\i ^^.j-iŁaJI ^o-caj La 4^LaJLa<L&jjjj ^ L^jlu Lui jjLuj j < 3 X 10 8 m/s lAjjS £1 jJlII J 4 jjIj 

• ( T) j£xu Electromagnetic Spectrum 

Jnfrared t-liuuiVt oLa .jaj < Radio Waves jjjIjJI oLa.JIDJ J^j-uj Jojijj 
<uu*iVl o La. ja ji Ultraviolet ib^uiujJI jjŁ <uu*iVl o La. ja j< Visible Light j^LuJtl t- j^ćJt o La. ja j 
JS jjl uiA (j-st 3 -a I 4 J l^LtaĄ j Gamma(y)-rays L> La. o La. ja j< X-rays iuLuuJI 


Radio Waves 


* j-Ja JI 


« C ^ 1 ^[liLiA Ul^^i 


Micro- 

Waves 

~7 

Infrarcd 

V 

ś 

i 

b 

Ultra- 

violet 

X-rays 



e 




10< 10 6 


10 8 


I I0 10 I0 12 10 

ol>jll 

iiJuJI 


10 '° 

jy 


Gamma rays 

10 18 10 20 10 22 H z 


UJu> J t ciulaJl 


4-> uukULa4SjlLudJ JjULU iajljJI j-ujj 


6ii .4-uijjLLuxa lgJU,A^j<4£j-tuJl jxtVn pLua.4.11 J J3Vn jl j min 

lip 

« 


.4jl^ jJJ LgJI^blj jJ Jj l £ul£ 











































li 




i djLu» 5 u)j ę, .J 4 J 1 I! 


JSU, *iajLud I jli .$lx Isuuj *l£jLudj ^J La A^jl^Lulo idJj CiL&Ldu^M j p j) u** 11 j-uujj 

. ^jLjlII Jbuu jJI 4juuid < A-uLd. 4ĄjjA»a t * uli a Ludl <^nal j I jLcu^jI j I LujISJuI ^L&j AjIŚ 
Ipj^ *LuJ iU^.II śCiLiSJI jj (jUau/uj (j^j J-udli ^rin.m djj-ui ^L 3 L.uj id^iLcu dfc 

.(j^alaiJ pj^JI JLaj&l jm u£uj Pj^-II jaiSjuj p^ udJI 

:^Jj La JjULU JSbuJI id^Mj j 

Jj.ąjdl j j tii<iK \j juSjljJJ j idSLuJI £|juxlII <j-a JS jiL 
J^l j jILula ^ idj 4 ui 11 P-taiU qa J-udUiH ^rln uJI ^i£ ^LslXI 

.J-udliJI ^dbuaJI Jki JAfc 
aJL^ jj • 

^ISjuyI <Xj j IJ = idji-uJl £jjlj 

: jl ul<iVI aJL^. ^ • 

C 5^1 Jsuujil idj) 4 uiII i,ti% ju <LlujljJI 

4XJ-UJ £jU 4 \ mMlS ^jllll idLcujJl J jluL^yi <XjjIj i,U% 

< ^jIIII Jbuujil PJ) j^II Ss.Jj UJ JjVI JbuuijJI J PjaAJl 



PJjAll jLoiSjIJ (julSdul 


Jbuu^jJI ^Jl JjVI i^uu jil (j-a ^joujJI jLaćui V I J^ljLa ^uujI Ifl.iJc ^llaJ^g (jdhuu jJI «CuIj A \ uu J 

i n 2 ^ 

(2-D *1*1 







4 xjduj < 3 x 10 8 m/s (^jLcujj 4 ju jSJI Cul^Ul (j-a IjiJI jl pludiJI j- p jjAII 4 xj-uj jju ( ^ 

pljijl p jjAII 4Xrjoaj IjJ^J Ijlj .(^jLa Jbuuj ( 1 4jlC j-uj j-a juSl pljiJI jl pLudill ^ pjuAJI 

c 

Iju^J ^gJjdi»l jLu^j^I J-alJLa ^a.uu -4 -uojlII V jJLa ^jLXI jguu^Jl Pj-udil juui^ C jJLł 

‘i^-u^-udJI d^ljJI ^a jaSl 11 j^jJb 4J J^jjj iduujil 


































1.00293 
1.333000 
1.501000 
1.461000 
1.361000 
1.52000 
1.660000 
1.4850000 
2.419000 


£_jIj 
*£ jt 




-Lit 

iS-J -*-uaJt ę\ -ffjJl 

J-olj-£-II 


o* 


U 


:jl n. iiu.1 (2-2 ) ćCśMjlJI ^ (T) 


v — 


n 


Zl_ Jk 


v n 

v 2 i 





(2-3) 


(2-1) ( 2 - 3 ) (> 


n 2 _ sin cf) 


n, sin 0 


n 1 sin 4> — n 2 sin 0 


(2-4) 


u'ts' 


.Sneirs law JIuj jjjliL cijju La I jaj 
(£jLojj £j^lj <, *^ JbjjiLmJI Jsuju i^gj jl <n<\*sfI J^Ula o j-ui (J-udL^. jl <^1 

.jiu^yi j jiu^yi buuj jj 3.1KD ji ulViVi j^ula o 



„ińii ó^ii ^Lj-udi 


1 !^ 






































AilLkM Clij L^IiLiS^Jl ^Luj-ub JjJL^j J jl ,n<\^\ aI \V;>i.l ( jS^aj— V 

j<*GLj jSLa ^Jl ( j^jjVI p j) u^lt CCUUJ dJjJjij JjJbil La-u (jilaJJ jLcuSj^I J-atJLa l illkk-i Ću^ 

.(j^jLusJI CiLclli J dJj iia^^La 


i 


j Lxu£j VI ^xuijj 



^j-4 ^„<,uSLi-It li ł—jjCfi ł asUS ^Jki JŁj-uffl 43 LS Jisi P*t <«& ~^a cj)^ TI ^ ^ ^ j| ijj 
4k^*Jł Ulu < Jr.ut^ 4oŁal* ^JL^I J>-ju 44^j£ tlili J>j),<ł *Jl 

jLj_ił5L]1 CjJL^J (J-liSjLJtil .(V*—^ JCA) jLukll ^3 cLlSŁj' l Ł 'JL f» i-^ 

^.4,u£.U t ^bulil fjjSj-fl 43USJI ^ JSi 43W* ^Jl 43 USJ 1 ^k' 4aJbjJj 




.(t-YjŁA) 






Jbołi 


















































ouu^li 30° is jŁui 1 >5 djLuSil JjsLsu: ^łIsuu y£bui JaiLui I jl— \ 

ji ■"<*«yi 

: JaJI 


sm0 


an 0 = y| = 0.333 

0 = 19° 28' .- 


1^3 


3 -n. jii y it-t * j* uiSjyi j*i x aj 4 e.i aIi ^tt-.11 ji ...<'.yi j*i« a ji< IM —x 

2 3 

j^yu 

.ęUyi yi pUI <> ^ JaLjla-1 

.*m y t ^i^yi ^ miii jLusj^i j^iaLd—o 


: JaJI 


1 


n 2 


y i f-0,1 ija ^> "'''ii y —i 

2 

= 2_ = 2 

n j 4 _ 8 

3 


2 


n, 


.fUl y I « "■'«*! jl .,.<•'VI J^Lła— i_i 

Ą_ 

2j_ = A = 2 

n 2 3 9 

2 


























>)» 


19 9 9 


«u jVil ji-ujj 


^i J^l jUl 3 ^aIIs 


4jY oung ^-u (juUjj j^l 
Lui PJu Jl ^i JUJjjJI S j&Uo Łuj \JjJ 
Double (j-uJI 4 j^cujL cijju 

JsLLIL ^j^Slit Experiment 

j±jl^l& JSLuJI IjJb ^ ^ — T ) 

Monochromatic Source jjUl <^jbJ 
Sj^l j <Łui X 

ul is 1 

J^L^, (ja cjluiL > jju jJs. ££j<4jjLj 
CaLjJiLk jLj S 4 ijuui a 1 <W; u.a <ŁaLi 
jilui *U AjjI jIslujI 

(J-uiS jilflJU* S | 5 S 2 jOijLui jLiLlalLau 

^uśi ^ Sj , S 2 £& -£JJ> 


jjluaXI J^JLcu jLLLibauĄI dLLuuj.jjJbJI <jaij IgJ<^Ti ^jJI uLj^ll j dJjJ .4-ul^buuV) 

.j^bdl (joij L$JJ AJUoJI j JJjUI 4jjLucLó L^jL^^ pjl jjLusJJ UIj - 1 j i 4JbjljHI 

4jJI jciajliJI JuSJ- 2 JI CjL^j^ oSljjj C J^LJI ^ 

^ 4x ,jjjj J^kljUl 4 xjftFn cuSljjjl Ij^J 4 ^ >TijiS } < S 2 
<LaJLŁ~l 4 IgJJ Wi 4jJubu ^bLu Sjbdr j<4jJI jlXI ^LjiiIxaXI ^blUI 

iiloJLl^ .(*\-Y) JsLoJI J L£< Interference Fringes JiJ jUl uja ^ujL ci ^ju 
: 43ibdl ^jouj £^ill j^iij Ay L^bJ^-a <jujja <ju 

(2-5) 





J^ljUl CJJA 


3 JUI ju AiLuJJ R jV\uiJJ (j^jlll ^jL^VI p j-LaJI 4 ^.J^b X Ćjj^. 

Vi ml UJ jJ . S 15 S 2 ju 4iLuJJ d j iCjj^JI JLilxuV dxXI JjLUIj ^jjJJJ 
.J^JJI (^jL^I PJ-cb </V ji*l J^iaJI JUAjI 4Jj^H1I JJA 



v^-E 



ćjiiai ^Qi ęU 


4 ♦ 





















































* Jl JU* 


c±\s 3 0 .00015 1X1 jCiLJa2xalJ JU AiLuJJ CuIS 3-ĆJI Aj jJ^J \ 

<0.003 ni ^jCu, a iAa (jCu£/u AiLuJJ CulSj 0.75 m oj^JI JLlSj-ujV jjlU JjL^JI ^ ^uJI ^u AiLcaŁl 

J^LLcu-U *jij JjiaJI CJUU^I 


Ay 


XR 

d 


0.003 


0.75 x X 
0.00015 


x = 0.00015 x 0.003 
0.75 


0.6 x 10' 6 m 


X = lo 10 x0.6x 10 6 = 6000 A° 


:JUI 


AghtDiffraction 


jl m Til (j£. Lula j)J *,X buj £3 pj Lu U <J^L*. Ajjjl j A Viq jjUl p j-ui iaiLuu La Jj£ 

.3JJJ^a AjjLufita Ajjjl J Ajl9j JSulII jij JjL^JI j jl Aa T43 ma isj)t^ p 

juJjj AjxiI jj — ^j^l SjLuu— Airy Disk ^jjl miij ^ AjjuaLI ajlLlII Axuljj 

.(V— Y) JSjaJ) la£ AaJioa ^jA!j AjJuAa JJ j^JLu — JjL^JI SpLuiVI 



Ajjjlj a^Cś jjjljJI 








































«ur ui 


JjLaJI 3 pL-o)fl SdJM jjJj 4 

^-Lc jjjl^JI <£j-<LLill £jLjj 

,d I iW; >,. a a 


a 1 iU~ in a a ^*U Jjjl^JI 


52 £ 2 Z 5 

:pJ-&AJI (jl £2 jLujJI CjI jiill (j-^ LJ 

.4 n i<Ti m a ia^la * i j uiYij — \ 
.qu\Sju^\ jjULI liij ^uSjuu —T 
jl >n<\*sfl jiLil Lisj j,m5> ij —Y* 

Aa oaA) ^jAju pj_AJI Sj-ui *U^ij JAIjUl ^ Loujj pjAJl JAIjjj—£ 

.(<Ła1Hp o^ jA^I £-AI jij jAju pj-AJI 3aJj , J aI jjuI j 

.^jbu ^oJbuaal I jl ó jLula (j£. pj-AJI jli^j —0 
j-o SS ^ pj-AJI jjSLa JLUL>j (uUj-aU *LaL*JI (jAiLuaAJI jAj ^ j — 







































AilaS JSI Jbutyj J 1 ! jl) plUS AiliS jjSf Jsuuj j-ó j-ub £bui J4Vn Lajlt 

JbjlJ JLoj 3 SjbJ \ * — Y ) ^JLUI JSJaJI Jj US j j^jlII jjQaj j ui^H) ^LjuaJI jli <pl^JlS JLuj^b 

JolcujJI jLcu^J^fl j £aa 3 jlJjJ (j \ 4< jLuiSkjl J^Ulc^ <ŁuJ- ub JCiliiS jj^Vl JbuujJl Jbj).fl,uJl 

.(jLul^iI J^Lslo) 4_uj-ub <£ib£ J3VI 






Juj jab 4iOS Jil Jsuuj jJJ JQj j^b JlillS j^Si Jsuuj ^ £• j-tb Js^iLu 


jl ,a<\y\ AjjIj £J_u Ujjl£ (j) 4JUJL4 JLojlS 4ju j-ub J£iUi£ jjS^I JbuujJI ^ Jbj)4uill AjjlJ ^-l..u laaifcJ 

.90° jLxuJ} I 4 J JLaju 9 jjSl JLsUib <J3VI JbuujJI 

AibS Jbutu^JI Jb ^luj AjjIJ J () 4-^j^JI AjjIjJI aJL^JI £Jj& Joj)4mil AjjIJ ^oaJj 

. 90°^jUuj JCju j-ub JCiUiS J^Vi JolujjJI jLuSbl Jujl J L^JjUj <Łu j-ub 

:aJL^JI ojJb (# J Jjlxu ( JjjJbJb 

n t sin <J)^ = sin 90° 



( 2 - 6 ) 


L^i 


<Lu^a» iCsUiS Jii 1 t*i ni^il jLuiSjl J^Ls-a n 2 < <Luj rr**> <^CŚL^S ^aSVI nijj( jl ■■■<*»! J^Ljlo n t £ł 

4» c 



^liłi Jł^i fU 



be-LbJU 


: 


1 



)1S 






























4£jLoJI 43}LlJI < j <n 2 —1 (jjSJ ę>\ jA 4_UJ-u 2 4£LS JSVl JbuujJI (JjśJ LoJlIcj 



4_u4iLiS u,„jii jiutl jLu^y 1 J^Lsus n Cj 

. 4J 4^jj^jl 4jjljil 4ijJLAJ JbuujJI jLcuSjI J^ljLd ul ^jSaj dllj-S J 

^IjluJI jU 4^j^JI 4jjIjJI 4ju j-ui 4iUiS ^jSVI Jauujil Jaj.ŁuJI 4 jjIJ 4u3 CjjIJ IjIj 

< JbuujJI (joij LiS LujLSjuI (JuSjuj LajIj <4u j-u3 4 sLS JS)fl ^jHII iaxujil ^Jl jJlu V ^ 

LS jjLI (JuSjujj pj.uJI (ja o£jj < 4^j-^JI 4 jjI JJt ^ JSI ^ j^kl Ja^Lu> 4 jj)J ^1 

( J 4 —^ W — T JSuL 4d -V . Aj 11 5 jjj 11 ^ 


JSi 4^juJI 4jjI jjl oua^li <cjuU jjil 1.33 J 1.6 l&A piliJ ^L^jil jLuSjI italjLA jts Ijl — \ 


n l = 


1 


. '*(]*’* 

J^Jt 


sin<!> c = 


sin <|> c : E L».jll*lU^ 

1 1 


nj 1.6 


= 0.625 


♦ c = »’4r 


sin <|> c = — 

n i 

(]) c = 48° 45' 


1 

1.33 


:*Ut£JU^ 

0.7518 





glj 







































JadLuJI ę* j<^bJ 1 AjjljJI * mh ^\ JjLuJI jmi SUajdJ CjLLjJI La j^LILulj — Y 


JjsJI 


n~ sin 90“ = n, sin 6 

1 J T C 


Jjluj l£ ^Ij^LLcuL 


1.33 x 1 = 1.6 sin (j) 


sin <(>. = 1 x 133 = 0.8313 
1.6 


(fł = 56° 14' 




la7 lS«II LjULcdaJ 


tFiber optics (Opticalfibers JLJVl«Vji 


pjo-bil I jl — AitiLui SjLa £-iij i,u uY4 ^ ,j — <Łuj-ub AiuJ (^ \ — Y ) JSLuJI ^jub 

jj. idj)4 u>II AjjI AjJLlLa AjJS CjLmKaM ^jLju Ajli Lg_iijJd j^l ^a 

.(\ Y-T) j£J^Vt (> (5^ 

lg_L4 jj bu biUlI ciVI (j-o Aj jSLa AjJ^, ( ^ V— Y) JSLuJI ^-ub jjj 
jSbAjj L, jJ I Jj-udjJI ( mm \x ud i (jSLa^ Jl J-udu Ćti^k ueL-ujMJ aLLs AjAa Ja, 

.jSjj jii jjoj pj-cbJI J3 j J I^aI jaJLujI 
.1 jjj£ LaLaI&I jVI A^^-ubJI c£LJVI j 

AjjIjJI j^4ll > I JaILcuj Aj j-udjJI jl Ajj j-ubJl Aiullli 

^.ulun ^1^ (\V'-Y JSjSu) Endoscopes ajjUI ^jIsLUI Jia 

AiaIJ jąjl ĆjLlLaJlJI pl jaJ ^ jAJuuJ Ia£ \ UM11 

CjVLajVI Jjjlll ^ JajjjuJ La£ jJjlLII £buii j*l JaLLujL 
Ajj j-ub CaLubjj (t Jf Ajjj^SJI CjI jLiiVI Jjjaj (jjJjls 

.4ju j-^JI LiuVl (j-A JjIS 



ibil^j LiUl^l 
wSbJ^I *LLul aŁj £ lA.il II 


> ^UJr 



Hujj^ uśLJI 



.. 


rfjilSli giOli Juli ^ bJ-UŁlt 




ćs> 












































«LuciLJI 



^ 4 iUli J t I w" ,a\ 4 2 4*V (^ ,**A 4 1/ 


i JLuj^ll U3LJV1 J^su lJiaS 


(j£Lu duli ^^Vl cijJbJI Lju^l 6 UjjJ Lfii.u! Ljiajj<4i4 j^ju! Lu jJ jLS I jl 

.p C 5 ^AXI jiuu^JI AjJj (jŹaj %śi&£ 4 j jjuiU pLlu) 6 .U. I jl Lal .^GjJj 
L uli jcAJI ^LjuaJI jLulo £^bl jjlc AouSlc LI Luu ^j I jl 9<GjJj jSLj ^JuS aJL^JI djJfc ^i j 
£bui is^iuj ojjł <ŁujcAil L-iLJVI jilo^LujI ^jSLu J1XLj .g-^-ubJJ j\m^Jl 4uJj aJL^JI <>ja ^i ^.iKiun 


























(jA *GSLb JpISj ^LjuaiJI 4jJ£ CiLu15juI lj^uj *uli j^JI Ajjl Jil jp jjSi bjiLu AjjIJj ^jab 

.u£UVI <>ja pOSpI jaXj j^kMI ijbJI 


^uSblłi ^i: Lu li) 


I j^juAa jU 42 ° ^Jlj^, plj^JIj (l, 5 )£lbJll o jLuSjI jpLxp j^JI £}jljJI <j$ Ijbi 

I ja Jip j. 180 jl 90 jl japp A-u ja^ &pj^. jLuj-o jjjJu ^ j^klLcoj (45 ^ 45 , 90 ) jLI jj ^L^JJI jp Lu Mii 
CjLu^I jiil .i ^ j Vi uli ^jJI Periscope ojSutijjppJI Jkp ^bj 41 Sj^^MI <js* x } £ ^j-kii-uu jjuut I 

.(U-T) jsJjBinoculars jIjJlI jabłka <Sj^^JI 



jLŁilja ^ jj^LUł ^łjJtLji l 
ul Juli 


jn|Jli j^u^LaJf jji f*i 1 Li 
180 ćj^bJl jLuj _4 




} j/** 


N 





^oSLslII j j m 1 U 


.(SIjJJ jl) ijuSLdl JjjJJ ^tbuaJI jil J Vł ml jp Jabtśf jiil I J$i jj,uuXl ^1 dkJLajl j 
jaSUtil ^jjjlU rcbuuJI j^ljjj jl jjLUI jaj .LiS LujLSjuI jjkujJJ * j^SjLu p jubJI jV:Vjl 

./W • <C£liS jJLu ^kJI 

Jip 6 j^j Vj <p j-ukll jAiSal JujlLLS Jiii <<LLlX jl Jibjj jjkL U ^jjjlXI ^bmJI (jb jjuj :Lub 
jSpp jSJ j < j j umJJ jp j^k jl dJ j^kj jic jaju p jobsJI jp A-luu jl Lj^ jl . j j-utkU I JA 

^ jJLLPjJVI JJjjii JIp jpSIx jJlŁ ^juSJ pLaJu Jjlp £j_kp jl pjabJI *Glp J^kJJ ^jJI ^tbuuJI AubJuj Ig. n^p 

.(^L^JJI jl ulSM JpLlp jp J2I jjLuSj) JpLlp) ^jjmujcLŁI jjjjiij 



^jjiiii„iCii Juji £ljJ udt 


1 «y 




































































jjjj JbJI libLus ( jSbAjjlj-^JI SjjjJu) Alajliil ^bVI ^i Ai jJLa SjAlb olj-uJI 

Cul^ ^i l^;u^v/\ ( jSwaj LaSj <(! \ o—Y) jSoi plAb ^Lsjla ^jLS jJ La£ SjLuoJI cjSIjJ (jjjjJbJI 

^jlaj jj jjl £j <pLU ^łŁuu £>£ (jul5juVb ^jJI j j.u£l 1I dJjj A^jljloi Aj jii-A Ijj-us JiUJI jl JjlLjlLI (j jj 

.(<-» ^ o— T) J Śjlu pUI jj cjSIjJl) 




j jp*pf(^>11 ^5 pb-uJI jaiISjuI 
pb 


* i i i * a jjjj 3 j^aXI ^jLJ! 


I ^Jj LaS JjAUjJI J JA j mSI 

Jiji jVI g-b-uJ AiL^iLU AjjIj^JI oliLilaJI Sjl a^. jj jijjj Sjl j^aJI Sjjj-oJI ^bVl ^i 
blaJI pl j$JI Cali ub jbuSijl Ci^LaUla £jSj jl dij ( jl£. cjjjJJJ .lA jJju ^jJI CilLdail AilJiS j£, l^jibS 
AJlijjl jj£ £buxdl I ja jU MIa A_LLj Aa 3 IjjLus Lu j-ui Lcbui bat iTi I jl diji ^Ul dij j-a jj£I 

. jj.ajlJI I jjujla j-tuSbj ^jJI AAiKll ^Jl biali a3 \)n\\ j-a 

aJUlu! pluł ^buŻJl cii j^jI jl jJj I jSa j .Ail j^ajI jl jJj L^jJj ^jJI ^ AijbJI jja j-a AiliLul jlcj 
jjS) CjliaJbJI ^£J^J ^i AbjiLuj AjjIj LaJjlCj <LllaLla IjLula I Ljla .4jJblXI pl j$Jl CjUŚj vb 

IjboA I jJLIa i biS LuiISjuI (JuSjlaj ^ jjbJI £ bulli I jli ^lil ^Libll A a u Ti Ib Ja jjaJI AjjIjJI (j-A 

IJAj < lg.J (^jil ^buoJI jl jUaI ( jl£. <S-LLUI Sjj-us ^jj ^Ul ^Jl J-u£u ^ILa. ^Jl b^ aa 

.pLa JOa jl oiljisl (jlsoi (o ^ d ~T J^-ui) Aj t^Jjj-us AjJj j mij 



^n. 


j^ńii ę. UJ uJ( 









































jouSbjj glxjuA\ I ja jU jj,uuX (XY) jJI ^ifc (ab) £ LjlxuJ I Jia ju£ ^Laui .hsi mi Lajjuł 

Jfluu^1 ^Jl £^%i ( n-Y) jSuiJI ^i US (XZ) ^ JaŁau ^ (bc) jUUI lliLL* jj^UI Jil j 

.(cd) ou^ri ^ j/^ri 

JjVl 4*^.jjl jjlc laAl j^I <(ja3j uiSaj ^Ul jj^.uuXl ^i ^ ^LaJuil jl jujj JSJŻJII ja j 
4ujl J ^ Ajlulo <XjjIJj jjLuj-a ^LjuaJI cij^ n dJjJ 4^ \"\\j (XZ) ^jUlII 4^.jJI jic ^j^VIj (XY) 

.a cii^pu)fl 

iaiLaJI ^LjużJI <^jl jU £u Sjj)ua^.X) SjLaJI ^jjIJJI : Deviation Angle ci)^puVI j 

• a ^ ^ J*JŚ3 ^Ia A JIj 

4^jJI ^i£ id jIaoJI <SjJ 1JJ 0 1 ^A JJVI 4^^jil JJL& jLujlScVI <SjJI j J (pj ^A id ^ ui II Aj^jIj CulS I jl^g 
:^Jj U M—Y jScuil 4-acuA (ja Cfl-pL* Luli < A jjJujiJ ^1 j ^jjlJ^ 0 2 ^A ^jj^LJI £jjI Jj (p 2 ^A ^jIIJI 



jj m*in ,PJ_udJI ^buxi jLta4 


Ot = (<J>1 - 6i) + (02- <t>2) 

Ot = (<t>l +02)-(01 +<l>2) 


(180-A) ^4 e 4 jjI jJt ij Li<jl_LajL3 cjb 271 bxce ^słLi jJt J£»JI Lljj ^1 ći 

: ^3 180° Ljl^j^bcećJUl ^ 


01 +<>2 = 180°-(180°-A°) = A° 


( 2 - 8 ) 


jl J^U (3-8) 4 JjLjlXI (JA (J^UJJlULj 


a = <ł>i +0 2 - A° 


(2-9) 



rfjittl„idl JlaJI $:ljJ udl 


3 ™y 
































J ciS JJJ A° 4-tulJ *Ujl J jJjalIó ^i ciij-^iVI *Ujl j jl ^jULAJ i3iL*JI diA J 

• 4 > 1 Jb jSluJI 

^LajIj J-u 2 u ( 5 -^ J®.J)3 mil 4 jjIj jbjjl j^SOjj ciij^iVI 4 jjIj (jl (jLii bJrtC j 

jbjjVI ^i ualj^iVI ^jjIJ bAb <>jju < cii (jj* t^>ll 4jlgbJb cijju jola ^Jl ciij^bVI 

( W — Y) JSulII ^i LoS laj)Sml) 4 jjIj jbjjl £-a b^k-jjjj 

bjibj bJ^fc jSwAj ciij^b^ŁI ^^i-uaJI AjL^jJI £-uhj 

^1 ® 2 — ^ 0 : CJ ^ ^^1 

0 l=*2 =0 o 

^Jj LoS (2-9) j (2-8) jOSMjlII 1 usnj 

A = 20 o 

e = A 

0 2 

a 0 = 20 o - A 

<|, = ^±A 





4-il^J l^J cślj^J^fl śUjfj 


14 ^3 


sin ó 
n = 


sin 0 


c 


(JA QOLAJ ciij^bill (£ jJLaaII 4jlgbil £-uhJ jJ-ULJLaII jluL^yi J^ljLa fj I Jj^b 0< (j) (jAu^JLUb 


sin 

n — 

a (( + A 

2 | 


sin 

| A I 

2 J 



( 2 - 10 ) 


i^Sibdl 








































JIjjŁ ij JJmJl* J fcijLLU jLutA J .LU U t *L)j-dfcJ 


:£j^I taŁl CiijjVl 

.S jlsuLLLA — — ^jajJuLi J — 60° <LoilJ £j^jlj ^I^jJI £y& J^JULLIA 

: J^jdl Ciij)t*ł\ 

s5 g 

MjL> (ab) lkl ^mj jl j jj m iXI jjuI — £111X1 diabli jj^a.j pLlu £2jj ^k, jj.uuX1 — \ 

jHil ^1 < <Lsllć>^ jj 11X1 .£jujl 6 id^I uj £jjlJj UaSLuj IxIjuai JIaj jjJaSJJ j j-^I ^k 

jUlIIj S j1cu.ua jl < jajluLjJL £jLxlmVL (cci) ^jLUI ^ bulli < Jjlill oSLaJI 

* 

£iLa, SI jbca f ,J (cd) Hal ^xujl ^l(ab) kiLuJI £buUI Sjj-ud jlkal ^k SjkuuJJ £iLa. ^uu^u cłi i 

. JjVI JbUl SjJ-ud jlkal ^k JbUl lift jl jki <Sjifl-aH 
^bulil jLuus (bc) J-ud ^3 jjjŁHI ^ii^jl — T 

Jjc- ^bulll ś j jl A - U : jf jLiu^jj 

^>i»Vło - ę-f^gjt ^Jl ^Jl ^l^g-ll Cy^ (abcd) ^a <^ll 


(plill^UJIjL.) 



j^jjLlia /j pjkil fbui jLux^ 


.£-ull 

dlalilujl ^k (cd) ^jLUI £buUI j-a — 

£jjljil (ab) idSLoJI bulił jlkal JjUL 

('A-Y Ji<i) a cii^ki^l £-ijlJ ^A login Sjj)>^d^xi 

jLtulilfI £jj)Jj < (j) k^LuJI £jjlj £y& MS ^jxi^ — i 

‘ ^2 ^^^Ltall £jjljji0 1 

a ci)jkVI £jj!jj < 0 2 


Jjj^. ^i ^jISUI j-udj kuiII £jjl J j tlili Ciij-o S JjLuJI J^jJI jjS — o 


a cśl pJ>Vt 

ibjl j 

0 2 

iomil ibjl J 

(j) ; -ui^ljl 

jl >n<\*sf 1 £jj| J 

0 : 

Ja j5 ...tl ibjl J 

U"’j 

A j>u>1Ł< 








.liloc 4cjuliLXI ^jDL ^łjL ilii ^jlkj < At n l A <11 ^ l (2-9) j (2-8) ^juJjIjlXI ^jkltul 































SjLa jLul^I J^Ljla ciiAjlg-dl £_uij ^i Aj) Aij LuJI S^iiJI iję .. IWin ml 

: AiilaJI jjj uuJJ 


sin 

' Od- A 


2 


sin 

f A’ 




2 , 



. j j-uuJkl j ajjIJ A i cii jJliaII ajI^jJI ^a a () *jj Al XI SjlA jLuj£jVI J^Ijla n u 

Ajl^jJl Ajjlj &Aji ^i j-Ju ćUt-UJ ji <a<\^\ JaljLa j-Ju jl (jUlj Lilii AjjIj jJ) gil XI (ju'i J AJjlj u'v l>i 

(JuSjlII j cii^ jJlutJI Ajlg-dl A^ai jl jJj jlui^iyi J^Lslo S jUj-ii cii j^jMJ ^ji <^>ll 

J^laJI ciijlj n jlui*lVI J^tjLa jV IjlaJJ 
^jJu^JI ^jL^jJI AjjIJ jU <jj)AUI JiLk j-a jUl p> j(AJI 
• ( 5 ^jJJ J^laJI Lajjjj cii jjj cii 

^j^Lj jJ-ujllo (jAul p> <ŁaJ^, cJai au Ijl dJjJ 

^jLLJI pj^AII jLi cii^jju-soll AjL^jlII ^-cbj ^i l^a 
JSbuJl ^ La£ AijjjdJ ciildl jlji ^Jl ^jijj jj)utlXI (j-d 

0 *-t) I 

Jjsl j^SkJ ^ iii PJ <w 11 AJUjuI jl (jUJJ JScaJI 
P^łAJI AJCuj) jlJ UjLuiSil J^bu; ) Lilj^jl AJCujVI 

. ^jJlu^I UjLo^jI Jabui) liijj^jl ajujuVI Ji) j^c^Vl 
^A ( jAajV) p-j-łaJI I4JI (jjjilj <5-^ ^j-U ciulaJI jl^il j 
: ( <Gaf.la ^[ Jjjiiltl <jJ J (> ) oJjjUb 

_ jś^oVl - ^lij^JI - jaa,VI 

tejJL*3 Hp 



^aJI (3j4* J>^LI 


cr^ 


,AiVnll — 



4jUcc^^I Iaa ^ <*LLd j*j* 

! JulŁoJl 1sj\ jJI ( jji ^ 4icLb-o 












































iUaiLI bjLuta jJI i-*> (jjSj < 3 j-Jluj bl^jj ^4 


jV 


: j dJj ^lfi.j . (_£jjl jJt jjjiilb 


sin 


«o+ A 


« 0 + A 


. | A 

sin — 

n 


A_ 

2 


dJjSj 


«Gi}IaJI (jouj (jjjJjJI jj) m~il,l 3 jLa jLoSal J^sLsca (j) ' <GLiLuiJI 4£^UlII l 




a 0 +A 

A 


etos A(n-1) 


( 2 - 11 ) 

(2-12) 


1 ispersive Power ^jlll Jjjiull 3 


I ja *.jjj a£»• idaJ) jl jJ ^Jl pj^All I ju& Jjjilli jjJala w *.„ p-Jb^<Lu 

Ajl^.jJJ I4JIjJbl Lxaj jUiSjV 1 CiitalJLó LiiCLkl ^Jl 

(a„)r= A(n r - 1) 

(a„) b = A(n b -1) 

AjjLa jLtuSjl J^Ljla n b i ja p j-tAŁJ <GjLa jLcuSjI J^Ljla n < ^jlSjJI jj umXI (j^lj AjjIJ A ć,u^ 

•3jjVl p-^uaU 











































pjj-iil £1 m ilLj i J ^jaxLx-uJI ju ^1 jib^Lj 4 ju3ual* La j-iujVI cijlaJI Jiaj 

j u3^ ((3jj^'i óyyj' cs^ 1 ) jiu»Vi 
( a 0 ) y - A (n y “ 1) 

(a o ) b < (a o ) r lajujia (tX o ) y Cul£ I jLŚ jŚ,^Vl p. jJjałUI 5jU jLuśjt Julita Il y Ći 

n b < n. boa jid n y jla 

(ji ' ^ * 4 rt m<iiLj 


0) a = 


(^o)b—(®o)r - n r 


(®o)y 


n y - 1 


(2-15) 


.jjAUl ,ju)j <bjl j Dispresive Power ^ill ^jiUt SjH to a i^amu j 





v!l. 




























:pj-tAll jjjLSju) Li jjLŚ • 
.^ISjl^I 2u 3 \j = JajLud\ Ajjlj (^) 
^zJa uoJI ^Ja Jb ji-uJ I Ala£j ^jA j*liLXI JJ.aJl 1I J f^aSjtUO ja^U I ^Ut-taJI J < JbisLuaJI J-uUI ^Ut-uJI ( Y ^ 

.(JoSLjlJI ^JbuaJI ^Ja jaA J^l J jILula łfl « ^juSIjlII 

_ i p j-uUl AA j-uj uiMUkl i,i t m i j^l Jaauj ^Jl Isluj j <jA AJL&ajI AaA ó j Lulaj I <>LajI <ja pj t,s >II jjju • 
:^jj U djLuiSijl Pj-tAll £-uaukjj. V 1 Jj I JauujJI <Q£ J-uj ^jA V ? ^jLUI Jsluj jJI 

(Jj JugJ AU Li Łuu LU I Jsuujjl Aj jl J I,u% II Jj V I Jsluj jJI Ja J)4 mil Aj jl J 1 , 11 % A-Luaj ( \ ) 

Ja jjb I 4 J Ja jjj <^jllll Ja-cajJI ^Jl Jj I Jb-ujjJI Jja * «iiM( j\ J^Ijla ^puu i(jUguu^jJI 


sin <b 

1"2 = 


I n 2 


sin 0 


^jLUI Jauu I^JI j1.ul<iV) AjjI J 6 i JjVl Js-uj jJl Jaj4 ml) AjjI J (|) Ću%. 

g-b.ujl ^1 a Ja j4 mil AbU Ja j*ULU J^aJlII J j-uoSlUJ ^Jj-uadl ^UujjJIj JaSLuJI ^jjubJI £t-*J<ill (T) 

.J-ualiJI gJb-aJl 1 a J^A daJ J \£ jILula ^ - łfl « ££j J-t^lilJI 

^-Jl Jb-ujjJl V| Pjjjyi AA j-uj A 1 ui*i jj& Ul JbmjjJI ^Jl JjVl Jbuaj^jJI ^jA jl u 1^*1 VI J^blA # 

: jl (^1 LUI Jflmj jJI v 2 p j-uaJI aa j-uj 


I n 2 = 


(jUa-ujj (ju ^ 1 uiUl J^LjU Sj^j-ua aUbj 

c 

— Jflmj jJ jUbtU jLuiSkJ VI J-pLxa • 


n = 


.ifluuj jJl P j-urJl AA j-uj ^Jl -1 jUl | P j-uUI AA j-uj A 1 uh (^1 

Ajjlj i-i.i% Ja jŁudl Jb-tujJ ^JKXI jUl<iV1 J-aL*-p o j-ua J-uaLu : ^1 a j^iii p j-uall Jjluj jjlib • 
.jl ul<iV1 Ajjlj i,ti% jl ul<iV1 Ja. u j jj ^Ibil jluL<iVl JaIjla ^ jLuoj Ja j4 mil 


n 1 sin<() = n 2 sin0 



^IjJI ęU 


♦ « 





apLLU 


r 



)1S 






















(jA ^ {JAaIIsA jl (juJJubua) £^dl (JJU& (JA (J-UjJLlia jCLjA i^\ (JU ^CiLuJsI (JOUJ £CJLA 4jj^J { ^J • 

: 4iMxll 



3-iJI ^j J^LaJIj oj^JI JUilxuV jjUI JjLx1I Qu 4iLudJ R < ^j^klLta XI PJ-ufiJI X ći-i^ 

.j^LuJI <jfA <ŁiLalI d 

. 4jl^, JA d£ . • 

Jflmjjpl ^i jLcaSkjl <Xj jIj LgJjLsj <Ll *<liLS jjS^f I Ja-aijJI Jb ^lcu <L j IJ ^a : 4^jccJI 4 j^jIjJI • 

90° La jljiL 4_uj-ub 4iliS JiVl 

JsuujJI I JA J-A pjabJI JUSjjI JJLfc 4l 4^.4 jjIjJI 1,11% O^iiLa (^jLujj isuujjJ fibuli jl. ulViVI J^ljLa • 


n = 


1 


sin <]) c 


4jjIJJI (j-o jjlSI 4_uj-ui 4iliiS j4^Vl ixujjJI ^i pj.ua Jl is^Lai 4 jjI J L> jli£ : ^JbJI jxil£juVI • 

LojLSjuI J-usUlII ^tbuaJI JJLfc joSjuj lajl J 4-Uj-ub 4iUiS J2VI JbuujJl ^Jl jiuU V PJ-tbJI jU <4^,j^Jl 

• Lis 

. ^iSJI ^jjulSjLJV I £LJJU 3 jAL b olj-uJI • 

A = 0i +<{)2 ^jiLUI jj-uHLI jaiI j 4 jjIJ • 

(JOUJJ £jLkJIj JbiLuJI QjxLxaJI ^jl jlal £jU 3jj) ua^ll SjLaJI 4 j jljJI ^a OC ci <4i*j • 

:4SiL*JI 

a = {<(>! + 0 2 ) - A 


.Jj) »,7iUI (julJ 4 jjIj A < £jj^JI 4 jjI J 0 2 < laj)4 mil 4 jjIJ (p 1 Ći 

: ciij^LMJ (^jJu^JI 4jLg-dl aj . • 

t’l =0 2- < l > O 

e , = *2- 9 0 

























. jjl-ui itl j <Xj jI j A i ^ jjLuaJl ^jL^UI 3 ^i ci) £jjlj otj ^ jLuj^j^I J^Ijla n & 4 ^ 

: £3}U1I (j-iś jJI jj &UI ^i cii j^jVI Qoljj • 

(Xo = A (n- 1) 

^ o^aa-l j^ouAI • 

(a e )b - (a c )r 


ę>\ j^l^JI AJt-uiVI cŚIj^jl 4jjlj ( a o)r <p«li jjJI AJt-ujVI c^l j^aiI ^j^lj (a 0 ) b *“*■ 

• (®) a CT^' ^ • 


G> a = 


(a 0 ) b - (a 0 )r 
(a 0 ) y 


G> a _ 11 b~ n r 


n y - 1 


•(3jjVt djLa jLaiijl JaL*-« ^ n fe 

.yLł f! jjll j3 uuŁI Sjla jl ul^M J^Ljl 4 n 
.jiu^VI (jj-U jj)&VU SjLa jLuaScI n 































x ALcu/t 


JliU Z&jJ 

.Aj^ d£ ^ ę> jobJI jb J^iLII I jLX ^b j — \ 

.p jjAII J^IjjJI 3jjfcUo Ifj jj Ajj^j ^j-il — Y 

.cjlj-cuil 3jiblld jjxlS —Y 

: - LjIj 

AjjIj — A^,j-^JI AjjIjJI — la-ujjJ JibJJ jLuo5jVI J^Laj — jdsLuij £ju c5 JuuAJI jluL^yi J-jLxj 

,<J\ ^jVI 

: AjJLUI oIjLjlII — lillj 
aS^IaJI qa £^ill (joij ^jujJLjjj (jujja a£LulXI juui ( I ) 

^Ajlai jjili (o) 

iailaJt (> (>ajj (3^j (-^) 

^ SjU (3jjŚj S^a ( j ) 

usll jl.n.^l ^LaI (•/) itA^lfc — LajIj 

: ^jjSj p- jjAJI (JuSJłjj Lajjfi, :M | 

jajISju^I AjjI j (j-o jjSl idmil AjjI J (o) ^yjLSJu^l AJjl j JSI idmil AjjI J ( I ) 


AjL ,jj V ( J ) 


^ISJuyI AjjIJ = id j)jLuJ 1 Aj^jIJ 


.(jLu^jVI AjjlJ 0<i»J)4u 1 11 AjjIJ c|) lua) —■—— AjoujJI jJ^J p jjbJI j-łuSju La JJ£ ( Y) 

sin 0 

.{fbuuj jJI <jJ J^J AjjLj jj£ (cj) j\iaxu ^11 AjjIj Ajuuu ( 1 ) 

.LajIj udll jJI (j-j Jal CuIj j) j£L 4 ( ^ ) .LajI J udll jJI jjSl CuIj jIaAa (-^) 

: ^a.uu . iljJI idmj jjl jLu^jVI AjjIj i * 4 ^ ^Jl ja-uj ^Jl id mil Aj^jI j « jja, A \ u Ti ^ Y J 

.JjVI Jb-wjjll ^Jjdi») jLuSj^I J-aLxj ( I ) 
.^jLUI buM ^11 JiŁdtl jluL^WI J^Laj (o) 

.JjVl bum jJI ^Jl ^tUI iduujjil fjA ^JutujJI jl ul<iVI (JjIjla (-^) 

.^jLUI idmjjJI ^Jl JjVl buua jJI (ja ^joujJI jlui^yi J^Lsua ( ^ ) 





























-!-(*) 
n., 
sin (j) 2 


: jLtaj ^2 V I J^lJLa (i) 


o 



n : n 2 (-?■) 

:ciI j^j^U jJLiaII ^jI^UI j j^ulia SjLa jl io£j) J^La-a jalj 

• | ad- A1 
sin - 

n =- , 2 > * M 


sin 


a 0 

2 


n _ _sin_a° ()) 


sin A 


sin 


f ad- A 


n = 


sin A 


CO 


n = 


. ,ao+A 
810 ( 2 > 

sm(y) 


(-) 


: <G»MslJI qa &&jl\ jj m‘iU (joLij ( 1 ) 

a 0 = A(n+1)= O) n = A(a 0 -l)M a o =n(A-l)0) 


a 0 = A (n -1) (j) 

jLuSLi^fl <u_jlj^ 60° Ja j)4 mil J Cul£ I jU (jUslcuJ <ju J-uaSj ^Jbuu iV4 m i j-ui £(juai (V) 

:^jUJI iguu^Jl ^Jl Jj I Jaj.u J-H jLui 5 >JVI J^ljLa 30 ° 

2 w ^2 (•*■) 3. w (I) 

jLuSjl (J^ljLd ^ ^l^jJI .**«M >U»i ..■a jl^1 ł 48.5° iu^jljj t-iśmj j ir- 1 ! ^Lx.ui (A | 

djl <■■<*»! <Ujl j (jjSai 1.5 <GjIa 
30° (o) 20° ( 1 ) 

40° ( j ) 35° (^) 

^jjljJI dÓA j)l JiMill jj iii3t,l cii(_gjJt.iAll ibl^UI (jcuLil <Li( 5 ) 

<GjLo jl “*<*«! J^Lło jjli 58.8° jj “**' 11 (j*J j iu^jl j Cul£ I jli 48.2° 

1.63 (o) 1.5(1) 

1.85 (j) 1.82 (ą) 
































: isLiu^JI ) jub jLuiSjt ,_laL*_a jjlś 45° A * ■■■Ml« Jsluj4j^I jj) Cul£ t ji (1 *) 

2 (o) 1.64(1) 

*J2 (*) 1.7 W 

<ui f-^j aI) uŚI j^jl 4 jjI J (jjSj 1.6 tGaU j< ...<M J^Lauaj 5° <Uul j j jjJala HI) 


: c^ 


6°(o) 5°(1) 

3°(a) 8° (-ą.) 

(jlS 8° <Lcul j CulS I jli 4° jl 1 dJa^LuJI *LuJ) <^>ll AJL.ujVI w-Śj^J j jj)„aux ^ Y : 

: *GjLa jLłuSjI J^Lslo 


14 (-) 

1.6(a) 


1.5(1) 

1-33 (-) 



























&SLJI giljill cMl 









































&SLJI gSljtl 



iJLA\ J^aJI 


I^L4 i Vd,^H 


aJjLuJI jl jJJ jjI jJJ J<n Al JLUbj <obmijVl LgCjjij Jjulu ^211 jljJJ ^ £jl jJJ jl 

(^1 JjIj-oJI ^jlij Uui iJoUu^j^U aJ j)g,a» 1 lg.~uJili JjIj-uJI j * A44 CiIjLill jl .^jJUlIIj 

Incompressible JbLŁcaj^U 4-bliJI ^j£ £uLluuVI jjaJb JjIj-uJI Jjljjj dJj ^Lłj <Luj£j IfriJc Jbici 

.*ui jj jJl^, ^ Ji-uu CiljliJI jl (j^ ^i (jolj JjI j-ulLI jl La£. 



^Lblll ^i L^jjj^,jj ^^Jl 5j^j aJjSj cijjuj p Jj jJL L^J Jjjjj <SjL$ A-lujLu Ajo^L^ 



•fe/m 3 „» 


(3-1) 


uj^ 1 is* 

.CjIIjJ^JI jl Cii jj-ll Ju AjlIuJI 4iLtoXI ci^Ci^VI —T 
.jj^VI iibSJI CiIj JjIj-uJI ji-bl* Sjjju-^JI AiOSJI Cii j ^1 m^VI jl 4i jjlj LU ^loj jij 

.AjuLoJI jl jJJ (J^ju 4ib£J A-lijl t(f JLUI Jjj^JI ^-ui jjj 






























iiCSJi 

kg/m 3 

SjU.1 

iflUSJi 

kg/m 3 

3jllt 

820 



i 

13600 


2700 


1260 


8600 

jAisi VI 

1000 

cUl 

8890 




2600 

^jUJi ^b^Jt 


t Ci tj uj i 

19300 

<—uA jji 

1.29 

cl^Jl 

910 

(jlUJO Jubjl 

0.76 

jaluji jLć 

7900 

JjJL^Jl 

1.96 


11400 

LuO j>J' 

1.25 

> 1,« i m^I a' 

21400 


0.18 


7830 

wluJl 

0.090 


1600 

jSCJi 

1.25 


1800 

£4dUiJt 

1.43 







t 



790 

Jkuyi 



900 

ói^4' 



1040 

l»jJl 



690 



.3jlull 4jLLtujJI ililjSJI fuul 3JIjuJl ilu.Jj (jaśb ( ęŁ pLU 4i0s j U 3jLa ilitjS iLmu ^i£ Jjlkuj 


&JAJL& 3jlj^, 3 jUJ i£ilj£ 

3jljuJl iiujj (jxi£j pUI 4iUiS 


3jU <ŁjjLau.ll iCiljSJIi 


(3-2) 


iljJJLA 3 J >U )J ,-i 3 jUI /\j (JULA UJ, illjS 

• ..^ , t , iuUJI ttlfell 

<>jlj^Jl 4 U.jj JAJL^J ^ PUj Jj jauuJ! JAJL^J 4 Jj£ 

3 J luli iuoaill AiljSJJ jjSu V 1 jUjIuju jUjuS jU iLmu 3jli iLu-uuJI iCsluSJI jV IjiuJ 

.^ubii Cii J 

DBS 


jiillua L$j1 6u <iLiJjluuJI Cibl^UI (^duj ju jJJJU Ću^w <(^jjS AjuAI 4J itiluSJI jaL3 — \ 

Ji&J iUjliuJI (JU iluj^SJI iUL^-aJI £ jij luJJJLS .3 jLluJI ibjlhjJ ^JjJJjjSjy I Jjl^ M iCiljS ^juLjlS 

jjl £u 4ltlij r# J dLujjjSJI ^^uj ^ slLuu JlujjjS jjjSJ^I U iCiluS 

^1 jjl <jU ClljJjjSJI CiI jjjl jj Vn iUjlluJI j\ Ul 3 jlxl Jj£ jJI ClLjJjjS (jJjSjJ ( juLu3jJI 


(^Ju ^k JVjlluVI AiluSJI jaLS ju ^)Suj JJjjJ AiluSJI jljjjś uj ju 3 ju JjJ^oJI Jjju j jJI 

.ibjlkjl ut 


tfjjfrl (Pfrl 4*41 ^Ł* 1 













































. J^jjlj AjJI Aib£ jxjLU ^iitaJI ^ jJjlII Ai bSJI oLLulaj Liul ^jiJLuu — Y 

jl dJj Jj AiabS oj) j I jU <1060kg/m 3 ^Jl 1040kg/m 3 £ju U &ixnhll aJUJI jaj Aibsi 
jJI jii ^ Jl j-LuU t JL&J ^dJI bili. Ju £Jl j-Aib dJj Jj dJj (j£ I j)j < jlJ ^jJI bili. jjijJ 

.(b^bVl) 

(^jJj Ija <£iL$Vl jljil SjbJ (^jjp <jilj*VI ^i. 3 uj 1020kg/m 3 J^a-LI SjOjlII <££b£ll ^3 

. J^jJI AibS aJjUL$ SjbJ 


\x Pres surę 


.aFAII 1 dli aKi^-U CiL^ball j ^s. bjSjjJJI Ab-uj jHI SjUb :Absi jli£ bJu-iJI eijju 

Ja juu j g-b.uJI I JA jjJJLi (P) JaJu-ill jU (A) Al^bxu> ^tlaxu Ljj^oX (F) jj) I jl dLIjJ 

lASibdl 

(3-3) 

ijulij ^ill Sj^jJI (jU <£Jj-U jJ-lb SjJ^a (A) A^.LuJJJ (jJjjiJb SjJib (F) S^LII jV Ijlajj 

2 

.(N/m ) £*y> jia /ÓJJJJ ^A J a xu a ]l 


AjulJjl A-ó jJjLO 


$ jLojYl fJLa f\ J-tMl j*JL3 lajuZa 

(jU .d^Lcui.1 SjAJ ^lfc S^ill ^jA JbiuAJI (jV 

jj Jj jJI ł-it i<^ll jX lujj ' «♦< A', r..i'jj 
ojjJU ' <«<ll &aLuj (jV njijVl JjAJI <u 

. ( \ —V" (J< -"J AjUlLI ij xx ha 

_ 



F 

p = — 
A 










































M 


mg 


i 

t 


B 


W 


pdA 

>"< 

7 /'^pdA 

i V / 

\ i 


pdA 


Ur) 


JjLtu JbJ j laLrJsJi 

^JoLUI ^jLlŁ Aj^-^ u3^ (Jblj laJLjbJI Aj-luLUI 


biubJI (j£ Aj-uiLUI SoL^a \3 {^\ ba. <bll ^jJj jl ^jS^j <JjLuj £bL Abaj (^1 jhś .3 

(JA j\% \ JsJuAll A uiVi 3 & La j\ m% , bdtabil .gbuuJ 1 ^ AjJU> 9 ^ 0 °*-* ^buu 

JiLu/ AJj^J <(jlj^ AjlLc ^jjp 7 UJL^JI ij\Sa JjLxaJ JjlS (^jJI JjLoJI jl . AjlSb 7 “«*v]) ^-ub^J 3 ! JjLaJI 

.(r-r jsui) bJubJi jij JjLuJI jij ubj «u b^i j^lji bJub a^oji s^ij 







































hk i,h, 11 jlj JjLuJI jlj t&K 


y ^ ę, ^ 

JjLoi ^Jsluj Gi^j (h)m ^cs. ( jl£. A)m <G^Lulj ^Ł\ jj j^iu (P) i^Ł <AII olm^Jj 

,4 LujJI j j.ajl 1 ^jlll IjJb J^juj <(£ —T) JSuaJI La£ p(kg/m 3 ) *GiLi£ 

(X) £jdl JjLuJI L$j jjJj ^Ul S^Jl jl d jJj jl 1 Vi^ai 
<(A) 4jLfa£La 4 ^Luxcj (h) 4xlijjl JjLuJI Jj* j > $- a£ jjj jLuu 
^ ^LjdLJI S^1 jU Jncompressible .fali uViUJ JjIS ^j£ JjLuJI 
.(h) 4xlijjl ^jJI JjLuJI jJJj £-a JJjj JI jjV JjLuJI J^i tA 
(5jLuu JjLuJI 4Jj£jj < Ah ^jLuU JjLuJI I JJb jl Cu^j 

.^SilaJI ^joljj Jj jjj F JjLuJI JJj Jli < Ahp 
F g = Ahpg 

:4ju jL^Jl <Łlrvfc g(m/s 2 ) 

:<OMxJI J-j (X) ^jill P JjLuJI Jni (A Juuj jjjjlł 

p = F Ahpg 



JjLuJI F* ><b jim% 


.•. P = hpg N/m 2 


(3-4) 
























































j^JsJI JbduAII jU P 4^i^Jl jju j j^JLLJI JjLuJI gJbuu jl jLl^VI bjJJ Ijlj 

: (j\ JLAJ JjLuj JPLi <Ua£j 

p = p+hpg (3-5) 


Ji o 


(h) £hii!l ^aC SjbJj jlJjJ dibb { ^J sQa£j J-LC P JjLuJI ink <P> jl CiId&LuJJ jj j 

.JulC JjLuJI <£ib£ SjbJj JhiuuhJI jljJj LaS JjLuJI ^jo£j ^t-Plui 

:^Jj La Jujj jl (jSbj <>jA Jaj 

Jbb , • j-a. 1j JŁal jILula ^jJI PA111 ^jlaj^. — \ 

.PJluAJI l$J /jJ jLuJI 

(£3jPlLulLI jlj^fl) *lj^VI jjjlLa p-bl }Laj (^dll JjLuJI —Y 
ijźju i jlaiXI o^ijj plj^Vl oia ^ jijjj Connecting Vessels 
pbVI SdcLs JjSj jl Jbj-uu IfJ Ajl uijJ^JI JLLuj VI Jx. jiśjJI 

.(°—V* JSJxi) <<^331 (J£±jxl& 

<ŁLualLI jLxjJI JSJ a^lj j^-JI ^Jsuu ;jj-ula jb lo^Jj 

.I^-usjuj 

J A I 4jJXrlS Jj£ J_uJI JauOJ jljjj i^y 4 J-uJl jl A — X* 

.(n-r jsui) £aj<ji sjbj ^ jj) jhi pjuPJ) 



^ (JO& ^Jl P-UI jijjj 

4JJpn XI U ^jljVl 



0 i£ Pdt-uiJI Jrt^TlI lSbA,uj jj£l JJJuoJI J&l ^3 













































t ^JJUUJLLU Lj|j Aj^Jjt jljdl 


.pLU Aj-ujLla AjlaS ^i£ j)~i U ciJSui ^lc jUjjlui Cal a Aj^jj) dk.Lll 

r 1 CaJjJI ^tku *j Jj^j <jjuj^I £jiJI jSdJ j *Aj^jjVI ^X.ji d^l ^i CaJjJI j^ Ajla£ c.4i <Ai 

^A ju3)fl ju J-uali y% u\a dHA jjkaj Jj jL^Jjlaj V CaJjJIj pLU jl aItl^^La |ca <C jkfc (Jola jjlula 
j^j^I £jiJI ^i pUI £liajl (jSljJj ^CaJjJI ^ pUI j^j AD Jj^liJI ^dajoJI ^^i h o CajJJI £lijjl (jSbilAD 




c 


5 — 

T- 

cLo 

\ 

■ 

a m . 

D /< 

1 , 


Cala Aa^JJ^I ^ Jjlj-oJI jljjl 

jUJJLudl 


•(V-r JSLu.) h w ^A AD £ 3 * 

D aic Pia iAII = A jjt£ J-ia iAII <jV Ijiajj 


.'. P + p gh = P + p gh 

a 1 o° o a ' w° w 

.p-U.1 iiśLiS p c Cu jJ I «CiLii£ p o 4(^_jjJI Pi a 1 AII P ć 


h p = h p 

O* O W' W 

:^ 4 Liii j)^k*all La jLukikl jSoj AiLaLudl AiMaJI j 


11 

0 

o. 

h 

w 

Pw 

h 

0 


(3-6) 


.UJaŁ Ca-ajll 4 -l,v„ul 11 I AiUaSLlI jOJU j£oj h Q < h jx>Libj 
.CaJjJI Ailj£ Ai jJLa j£oj p>LU AiljS Łla jJjlajj 


:Atmospheric Pressure Ui.ńtt 


Ajj^L^J Aj^jj) dkl Ćjjl^ <^LuJJI jj-ajjLlII £l jILkLa Torcelli ^JLa utjjla pli ^.Ini, (Al) juLU 
Ajjjj^I ^ ^jjJJI ^Ja-m jl .^jjJ Aj j ^^ ^i Ig. ui5Ti pj <^jjJJL LaLaj La^Laj i jILa ^Jl LgJjlo 

.Lajjila 0 . 76 m aJ ^a j-ajUI £lijjVI jl£ Ću ^ 1 jola ^ jILula ^Jl jAqVil ai 

<3^' <> JfJ 2 c> ^!) ui% ^^>Vi (3AP* ^^3 

• j^jj ^1 ji ^loiIj jjl^JI IdA ^-Ajjgj^g i (At^i (A JLaaI jSbAj (^aJI 











































jlajjUl Jicj jjbj V ^ JAjJI £^jjl 


^jul J"^ (jl (A—V^) JS u i 11 £jAjj^ 

gjguoJl ^ jluua Aj^jj^I JAI j h ^jjjJJI j jjjl) 

Cul£ pl jjxuIjjIj JIjj <jAj_^JI (j^jjJlI j^JIAJI 

.J^La ^ $ ijjJj £x±j ^ 

^Sil (£ j)\ u\a j&B < A jALAill IjjAJ IjIj 
£jLA A AlaSLJ-ll ^jSj 4 V jSb^u j-^Jj 

B aASjJIj (jA j^JI JjjjJJI ędsuui JJUŁ AjjjjV| 


,: 

h 

A 

1 

1"1 


P a = Pgh 


A Jj£ JhiuAJI = B Jj£ JbiuAJI 

dJliJJ 

(3-7) 


IsuluuJI jjjjjLJI 


UjJ (J& ^^AiLUI JhiuAJI p^JLSj ^^Jl JaluAJI <jl lji& ^jjlj 
J lc jj^I j ajlAIc a^Luuj (0.76m ^JlAfclijjl ^JjjJJI j-j jjjjł 

ędkua 0 i£ Luj lic plj^jl (A jj& jUjUJ ^j^JI isJuAJI — 

3jljj^JI A^jj ^5 JLJuAJI Jjjlc A jjuj . 0.76m Hg (^jLuuj <j^jJI 


jjlc IjjjS I(1a jjSjjj < 0°C 3jl^ Aj^. jj jj£. 0.76m Hg ^jLuu ^AJI JLJuAJI AjL S.T.P 

.CiIjLAJI (ju I j$ Aj^JLjlc 

jlś 9.8 mjs 2 <UxijVt iijjLąJI &la*cj 13595 kg/n? ^jLuj 0°C alt £aIj£ jV Ijlajj 


:jQjai ^^aJl JsJuaJI 

P = 1 Atm = 0.76 x 13595x9.81 

d 

= 1.013 x 10 5 N/m 2 



































































r 


lT 




4juI jj) 4-a j, 1 * n 


jVl ^ tlijj?i JO^ jiVl ^ Ć>JbtJ t*U 

J UjJ Ja4<0J) 

<jOjV I ^la-uj pl^gJI 

g-truuj ^ OjtAljl talii .oU-LuJsł 
^JLULj j j-axJI I JA £liSjl J2 jVt 
Jai-uaJI jJjj jjVl aJjlŁs jo£ j .iajuOd! 
.j\ m^kJI ^-LkljJI Jnx >,^H jLkil 

jJLuu jLkJI iaiuAll J£j OjS£ dJjJ 
JaJuOJI jl Ijl *jjVl Ajjlb Jj^JLł 
<^jLkll MjlIS Lgjiijj ^LkljJI 
AjlaS ^VilL JbA-ułdl Ija aJjLjlo 
Eustachian ^jjiLLuil SOS pl^1 
jLilii £-uiuaj jlJb 7 i/Z>e 

( W -r jSui) £lddl ^ .i^ ^ii 



jjSu 


J 


lajLaJl L^J 4 >mOj Ot JL>*^l! 


Ig. ^A jjJI j^Ualll ,^i (^J^JI IsJuOJI Lgj ^uLSj ^jJI CjIj^jJI jl &LLudl aS^LsUI (ja ^łuSjj 

2 

.N/m JsduOJI olj^j 
.(N/m ) «JlSooLi)) aj^j Cjj^il jaJj 

1 Pascal = lN/m * 2 * * 

P a = 1.013 x 10 5 Pascal jLLail hi ,ńll ^OJLj 

1 Bar = 10 5 Pascal (10 5 N/m 2 ) «jIj» is* Sja. i LaS 

P a = 1.013Bar jUaJtl ^^aJl .hi hit <3^ ^OJLj 
Torr jjj Luśat ^.łuijj j j"i>>oJl>^ Sjajj ha hll ^Liii 5 Łcaś I ja 

1 Torr = 1 mm Hg 

: jLLa.il ^ j-ąJI ha hit (J^£j JiljJj 

P (1 Atm) = 760 Torr = 760 mm Hg = 0.76 m Hg = 1.013 Bar 



























































JjLuj AjlaS U cijSui (jujjuai cJj Aj^jjI js, SjLlc Manometer 

jijjJ j£ dJjJ 4 ^ mj <AkJu^ jljJJ JUlJI £jjlxoaj JojjuŻJI ^ jaI J <^Vn <Ai jjJla <G£Lj£ cjuulla 

jA4Vmj Jui* UlII (.g^l jIajjUI JjLuJI ^Jsluj 
:J^£ j (I \ \ —V JSuai) JjLuJI j^lj , Jl jjuuj A B (jolaSjJI LsJjsJ I 

P = P + pgh A ojl£ JLJuAII = B ale JbJuAll 



B 



• t*»*r>>!i jj£l jlaJf Lśniła CO 

JktiuIśJl Jal jUsil j^Sl* UaJt^ (i«j) 

JjLuJI Pi> (A Jjlaj pgh ^aJI i^JuAJI P ^ j^S £jjpmXI jxi j U JUlII Ink <A P o 

J3I P JUlII ,ln %(A jlS I jl aJL^. . P< P a ju JLJlusJI ja j < B 4tV4MI J±a jjLaJJ Jl 

P = P — pgh : jU (o ^ ^ —r jSui) ^i*)*,(Ali 

J uJM-t, 1 £jAJI JjLuJI fzJaua (ja ^Jjl jIajjLoII <j-£JL^JI £jAJI JjLuJI ^Jslui Jj£j uJJl^. 

.£jjjuuXLj 

j-ó (jJŹJ LojIj £JjjuoXI JUlII Pi> (A jx»Li& Ljjj-ui V AjloJjlII o Uli itaUl <Ja j^uS j 

:^| Jsiai in> (Ali ^ji jjAXI 

AP = P-P a = pgh (3-8) 

JjLuJI ^j^Jbuu ju h £tij jVI (jjij <jj-jjjLU p JjLuJI AiliS <£i jJljj JS^jj as^LjUI <>ja J-j 

.AP Ink (Ali Jji uUia g AjjjLJI <Łk»x JJaSj <*Qj-utui 

^Jl ,Pi> (Ali Ai ijjlaj jLaJI (A uLu^ JSyjj 1 <A J j 























































p p S 

u^c, jdsb aJslujI i5 jjjVIj Lrul j-uJI (ja SixA ^lloj JMb ^.liu JjLoi ^jJI — \ 

.bjLfc bLutajl La — SjlX — j\ m^Jl JMb ^jJI o Lim aj Ij 

.LAaj-a jsJ^juA\ I JJ& jjjjuj ( gJ A b j^ućla (jjźj AjU bijjguAA ^jjl oLluuI Jjjla IJI LaI 

I juSJ ijbj-uJI ^ , l(j > ^ JjlC cjLubJI 4xbm» ^j-a ^łj^ ua !\ I ^uba^VI Jfl ubl ^j-aJ 

: b x tAll jHajA — S jlx — jj Ćul^. 4 ^ jJI b* b ^ubA jjs. 
Ćid^JJ <4J A^A ^^uaśl jbj-uJb j* Jl Utmi jjŚJ <UAj Systolic Pressure ^^-bbAj^l bi-bJI 
^bjjVI ^Jl Left Ventricle j-uajVI jdaJI ja j*JI jijuj 4<_ JaJI aJLuzs. (J^Jajj Ljk. 

.(julj-uJI ^Jl JOa j <Aorta 

Jbbujjl Ji£ jSbj La JaI ^Jl jbjjiJb ^dl bJub Jaj <uaj Diastolic Pressure ^bajj^l bJuAJlj 
biubJlj 120 Torr - bbAjVI bJuAJI Jj£j 3jjl^ jjljjJJ J Lub VI j .cjJaJI Hlos. 


80 Torr ^bojj^l 

<( jSbAJ La JaI (jjJjbJI (JuLajJI A^Lola JjSjA 4^JIx b>, (A Ci^j pi^Jb S jbmJI jlbl p^llaj —T 
jJjj < jl jJj ^jjbJIj jlbVI Ju ^uUlll A^Lula jU jgŁ^Ila b* (A Ci bbaa jlbVI (j\S I jl LaI 
pl^Jl b> b (jAjbSL4J jlbVI ^A plj$JI b> b ^ubA JSbAJj 4jtbVI Aj jb_cuj dt5b^VI SjbJ ^Jl dJj 































3 

gis. £j*e >j 5000 kg/m <Gjl« -SiliS (5 cm x 10 cm x 20 cm) ojbul <_>lua .->m .U". ^j|^ ia - ^ 

.<U J-ia, ii~> Jfllj o . ^iLŚI ul& ■ędaujj 


(10 m/s 2 iĆLuś j^l &ujLaJI <L1ax. ^Llc)) 

:j±f 

(^jj) ^LuJLI 4^^JI ^i£ •* ' ,lJ> - II l A . Plt lA g oLui^J (I) 

.(5 cm x 10 cm) 

p _ _F_ _ 5 x 10 x 20 x 10 6 x 5000 x 10 _ j ^4 (jyj/ m 2^ 

A 5 x 10 x 10 4 


djLaul (_£ÓJI 4_ł.jJI i 4-^LuJO (jj d_s.jjt gis »uia* 1 < kit iA JS1 oLui^J (o) 

.(10 cm x 20 cm) 

D F 5 x 10 x 20 x 10' 6 x 5000 x 10 NI/ 2 

P = — =-= 2500 N/m 


10 x 20 x 10 


-4 


ćQiLi£ ILa ę-Ló *U 3jjJJlI AjJsJI 4la£LAJI ^jUl dU j ^JSJI IojuAJI jf — T 

pUI ędrLui jlSj i jlla j pLU ^lijjl j lOOOcm 2 ^JaiLa &^Lu 6 CulS lj£ 1030 kgj 

1,013 x 10 5 N/m 2 ^^aJI lai.iA.11 j 10m/s 2 iLujl^JI *1^JJ L2s jxa 

IJ^f 

:^l hi ,hll (1) 

P = P a + pg h 

= 1.013 x 10 5 + 1030 x 10 x 1 
= (1.013 + 0.103) x 10 5 = 1.116 x 10 5 N/m 2 


:<LKJI j UafcLuaJ I 3 ^Ul (o) 

F = PxA= 1.116x 10 5 x 1000 x 10 4 
= 1.116 x 10 4 N 



v 2 k 




(jjjttl ^tiił Jk4ł £ 


bUli 




V 
































(JaJLjJI jAJI ^ś ui <^{Jj" “** jLt Pit iP (_^oLiaJ 3J jiajjLa aą^Lai) — V" 

36cm jljlaj ^Jjlu4b J Atal! i Cjóll« 

N/m 2 (_ą.) Atm (o) cmHg (1) c4 jaa^j ^ju j t,l JlAJI .Pa, i,A 4aiś La 

0.76 m.Hg = 1.013 x 10 5 N/m 2 ij ^ąJI .P* <A>II jb Lais. 

:j±i 

:cmHg (1) 


P = P + h = 76 + 36 = 112cm Hg 


:(Atm) oi^ją (o) 

p _(P cm Hg)_ JJ2_ = 1#474 Atm 
76” 76 


:N/m 2 (.ą) 

P= 1.474 x 1.013 xl0 5 =1.493xl0 5 N/m 2 

2cm 2 j-tul jjl L^xji ^JaiLa A^Lata j 1 cm 2 ^juAJI Lgx a^Lula U ^ Ajjl& Aj j-ul — i 
u* (800 kg/m 3 aasIaś) CuJJI ^ ajlaś l$ji uoa ^ <(1000 kg/m 3 aasIaś) p-UL LuJ^ Cula 
^JbuaJI P-LU ędsua £lijjl « M \,ua 1 5 CIII CuJJI JJjls ^v \ t <~>I ts \II 

.CUjJIj P-UI £jU 


*.• p= p o g h o = p wg h w 

••• Po h o= Pw h w 

, _ P 0 h 0 _ 800 X 5 
w P 1000 

W 


- 4 cm 


- a ^ ^ ^ 

<Ajjjl»V) jUjLuJI j-a JS £lijjl ^k U&lbl jjJjV (l^jdaia lg_i^Luxa jl) A-i^ jjV I jlaS cii usn 

.pIjVI JSbUU jjŁjj V p-Ia^M JjLujJI (££±ula jl ^<aLi dJj j-a 





































jjJj Jilll SjbJ 

JjLuJI JaAubJI 


(^ r-r) jS^lJb c^JOS *bl J^ljuJI d^1 bdb>1 131 

cLjbb J A Jia 3lbaj dJ£ Jb. usJI JjSLi <d^xl (jajSLaj j jja 
Cd-^d JjLuJI ^buu dJt JsJluAJI P Ca<^ <P — P -h hpg h 
(jX. ^-cuLlII JbJubul^ ^j-^-ll JbiuAjl ^jjj^g .(Sj-ujLaa 


J£j jui jj JJjj AP jIjŁaj j^<M b> (Ali bjJ I jIj 
^jjd J^l dJI jaiiSJJ dj-^b j*d£ JsL^ib — tjojSJJ ^ibdl 


JjLuJI ^T-b.m jjlC JbJtj-aJI .Joli < AAU JjLuJI <uLb 


Jj£ Jb k-uh 11 JI JjJuuJ * AP j 1 jJL\ s 6 JJ jljjJLtu S j-uiLlo ^jxlj£JJ 
i AP jldAJJ ó jJ JJ gJbuuJl IdA Ca^ 4 h jjij ^jJI A <Łbflj 

P = P ( + hpg + AP ćlb&lll ddA Jjl£ Jb ddI ^. i ua i j 
.pb^M j-tuSbj jl jSbj jolj ^ ^Jl JaiubJI jlJ I jU 

:^Jj La£ a^jlUII <>dA 4xbuai Jbbub ^ouj jki\ jaJbdl j*L§ jiJj 


la£ JjLuJI pIJjjJ ^Jt 4jLajj J3Vn JaiubJI jU pbl jaj j \ JjLuj ^i£ <A jjjjj UdJ£» 

.JlSuub Sdfcld jl JlSbuL I ą \ a \ IdA ui jjuj .((JjLuJI jlaJL I s-lj)ff (jjldą. JS31» 


iHydranlic Press Ly SiJjjJu^Sl l> uaSUSI * JlSLub 3dLaLa Ju-Jaj 


.CiijbuuJI J^ljij ^SjJ jj jjl^JI jojSJJ L^jljj Jbuub Sdfcta Cilsuibj Sj£ jj 

^ji« t<ł(^ ^a) 4jLb^j A^Lau^g jjjlj^JI ^ujSJlI (j^ ^ t—jsdujl LaS ls SjJJjJj^JI ^ujSJ»I ujSjjj 

• ljuuLlj JjLuu J\ ułjSJ»I J-LaJI g-^ Ła 1 j (A) 4jLbiLa A^Luljj j ijSJI 




cP4^-l ł 

JjLjJI j.jjoS/i c_óbt)' 5^5 (i) 

. JjJuo 

jJ^j jV * c-óL^cJ! ^JLc 1 kg J-oj (<-j) 
^ 100 kg £-4 Ój-jO 3^-2 
1 . 100 3,A iJrC^Lm-P 4_j_*d JLolS ^ jl 




^£11 Jbatl 




1 

















































.Ink <^ll jxiVi \ ó jjJJ JjLuJI jjLu < P ,Pt> jjJLudl jujSJJ jjlu I jli 
.jjjSJI (JjojSu-LI liuJI ^dbuuJt ^Jl JjLuJI JiLL 4uLuj P Ink II I JJ& JiSu-UJ 

l>i < (F) jjuSJI jxa£JJ SjjJJJ S^Lll j (f) jjJlu^JI jxu^XI SjjJJJ S^ill jl 11^I jl j 

: jU Jj^I j Jil jlLutu J jljj)fl jjl£ 4uJl£LII (jaij 4j J\ umSJJ ^k jjJJJ Jaiu^JI jV 



a A 


(3-9) 



3 ji j > *< 11 j" '<t I oljjj jii i/iII j" *< * I ^lc (f) 3jij jjJj LaaiŁ <GI ę^użuj JjLuJI iUtoLaJ) tj-aj 

r^ri jajjj Mechanical Advantage <ŁiJV> SUlaJI j .(F) 3^111 



(3-10) 


jxu£JJ 4 j^Lłuu ^Jl jujSJI jauSJlI 4^Luu 4joojj Jolu jauSoJJ 4jJVI SajliJI jl 


o 11 1 ^ o 



4dVl SjSUJI 


f y, = Fy ; 
f _ y 2 


.j-L3Lu2łJI 

:4u1 ( \ o-r) JSuSJI ^Jl jJLJ 

y 1 4^Lutu Jiuul ^Jl jjjli^JI (jujSJJ dI jI 

4iLuiU ^kl ^Jl djUuU J AJ^JI j'«^< M jli f j-ulj LU JJ 

JjlćoJI JjSu 4SlkJI pLslj J^jLSJ Luuj.F jujL uuj y 2 
^JLu jxt tSJJ jl jijj < JyJLuJI I jj^I j JjojJJ 

. (100%) 4jpUSj 























































■Uli “ \ 


JLSLub 3 ju^C a jłdfy obiu-Jb 







4a.cLaSi;' w U*jJl)< 


4 i ^ i 1 t g lt 4 Jl 4 ^_jJ' ^Jt_3t_1 

i JISLluL 3jlcL 5 3ji * <ull Hydraulic Brake 
.Brake Fluid iŁ u. ^ IIjLuj ib ^ais filii 

4taui 4 4*) 3 j 4-U >v 31) 4 uJo ^J_c .hi juaJt JlIc a 

v> _ T Ś ^i<aSLL^ SjJlJlŚ LlilU i ll. i u ) 3 jJLj£ 4 3 i i ii t A 

.Master Brake Cylinder 4^03**)! ibjid! 

(*j ^3 Ijla J3lJuj3 

iUj-i jj-ujlŁo (4J .ilUjidi lai- 

cla-^ <^1^ <£jt—iJi iJl Wheel Cylinder 

iUj_Ul (tu*_^ ^ i Brake Shoes lUj, 3.h 

ibuLh biS*] 3jjuSłiilS^t 3^3 Lilia .Brake Drum 

3Jl tjLA ^4-uJA <5jLi_uJl oJLUbj 

5 _i_ilie)! 4_Uj_iJt 0 _ aj Drum Brake 

^ i_4 - t ,(\*i-i jSLi) 
(>V-t JŁi) Disk Brake ftlój 

Jj'Jiit-4 ^JlC. ,h i*hi 4JUjJdt ^s£. iLlUJ* ^^al\ JL3 

Jai^j cfJlSUr^i ćl)3 ^ LIL3 ;Brake Pads >Jt 

^JLt♦ 4_al <uL (j\ .4,1^-jlI) 

• ojjlS 3^3Jt 3 ^jJlu 3 jriDbtJt ^ 


4_jl 3I^J| f ( ,lV. 1 <*> JlSLuib 3jlcL3J ^jloŁu ^ -V 
3jLxJi 'yć>Luu Hydraulic Lift 


JSL1) l s\V>**■ ił 



1 


4aSLx J Aj 4jl3 ' jJ * 


JkaJt 4 











































































4^LuL6 (JH&A 

:uu^I 10m/s 2 AjutijVl ^ŁajjLjJI jl Cmk. IjU 800cm 2 

j * (jajSJLi A-lsuul JJ IgJtij jSwAJ ili£ J^si (1) 

.jaiłSIoJI 4jJVI Sajlill (o) 

. 1 Cm j 1 jAa \ j nSlI jxa^XI d j^joJ jxu^il j Vn ^jJI ^iLutU (-^) 


j \ tóll 4-uoSLa ^-Łaiba A^Lolaj 100N 3 4jd£ jjJj 10cm 2 ^LuoSLa ^lasLa 


: J^JI 

f _ F 

— — —— ^u£JI (JojSJlI 3jjjjJJ 3^iJI 

Q A 

F = — x 800 = 8 x 10 3 N 
10 



















































m = — = 


j 4 1) ^^ujlSJsI 4jguu) jj ijSwAJ 4_Li£ joS \ ^1^ 

8 x 10 3 


10 


= 800 kg 


. 0 .m^ii jtjyi silili (o) 


T| _ r _ A _ 


A 800 


a 10 


= 80 


. 1 cm j 1 j Aaj j-uSJI (jqj5LM dl^ jauSJlI I 4 S^lil ^CiLudLl (-^) 

fy,=Fy 2 


v 8000 x 1 Qn 
y, =-= 80 cm 


100 





ot 



































:AjlujLujVI j *,~ill: V^l 

.(kg/m 3 ) 1^3^^ SjUI j^ ^j^^JI aJL :(p) £iL£ll • 

:(P) AliAj jjl£ JbJu^JI • 

.(N/m 2 ) AbiMI cl 13 a a U * ^ ii oL^LuJJ 3 a-^. j Lj jac 3 jjJJJ 3 jUl 

. JaiubJI juij IgJ j ^53 jSLuj JjLuj J -^,1 j iii £±JU±A (Ć J* ^311 Jhftill in^k • 
ol^LuJsI Sj^j jj JJJ p!j^JI j ^cs. (j£. p^ujLJI Jojljl^1\ ja : jLajlU ^^Jl Lt <aI1 # 

Axli3jl ^JJI j^ j jJj j£ p^uilill Ink, lJ^W p ^ Lj jAJ .j^k ill ^Jslui jjlC Hula Alaij Xi£. 

.0 C jIa J- 2 klj AJtlaiLa A^Loloj 0.76m^JI 

(Torr) mm Hg yilO 5 N/m 2 (Bar) jL jl (N/m 2 ) JLbuL j 
.(^jaII JL Jl j pDt J jujiAfl Jlfc Ina <A> ju ^jAJI (jajLU * jLL ujj : jIL jjUlI • 


: JLuujL 3d£li # 

^Jl J4Vn LS JjLoJI pIJ^J ( Jl 4^L3 j JUL L-Ł.LJI jU jajJjLuj Ina, >*n jjJj Ljjuł 

.jjLoJI ^ ^jlui pLVI jij^ 


p = _!1 


ol 


:<ŁaLgJI oli^LaJIj juljUl :Lub 

ai£]l 


p =x 


(*5tSfcP 

3^3)1 

a^~11 ii tl 


= (p) ailLJI 
= (P) LlLLJI 


.a^kPiut J-J (3^ h pl^11 (jijJLa p ćGiLS JjLuj jLL (^i JlLij CjS. Ina, t,^ll 

P = P + pgh 



ęu>a 


.AjludjVI Ajj jLJI a I^g g <(^^Jl JLJuLJI P 































•Pi h t = p 2 h 2 £jGą*-u. CjIj ^ jljjl • 

— = — 
a A 

*<M 3jjJJl) 5jlll F ^ a djdaiLd <G^Lula ^jJI jjju^dl *<M ,~-x 3jjJJJ 3jiUl f ću^ 


A 4jdaiLa a^Lula jJI j-uSJI 

n F A 

' = — = — £dVI 3ajliil • 
f a 

y 1 (ja M 4iLuxXI jj y ? j llSJ 1 M j^3JI ^CiLaJLl (j\jjliI • 

fyi = Fy 2 ^Al»n 


































uall jILkl:Vjl 

\a£.L& pLjI jJI ,Jhi Ali jjJj AjJLUI J^l jjlII — ^ 

.JjLuJI (o) ^ J^LoJI (1) 

JsJuAII (j) Ajuus jVl AjjjL^JI <Uyc. (~^) 

pIjVI Sa^LS A^Lola £ 

^ <5^ (>l^xJI (^1 -T 

.4j^-uVI ^tku *j &^Lul$ (o) J-uJJI 4iU£ (I) 

.AJluS jVl AjjjL^JI Ąj^kC (j) JoJllA II (-^) 

.^jj| Sjl^p. (-A) 

:^k j-ujJI j\ ut % ^lc jjJi.1 jlII j-ujJI <>ji^ki jjs. jjJJ <>LdJ i^ŁtA> j<nxj —X* 

.J-taJ) JJ-Ls 4>Liil ^Jsuu 4^Lai4 (I) 

. J-aJ) Jbjl^. dLO uuj ^ obij 

.JLuL^JI SjLa AiOS -A 

4 \ uiTII 9:2 ^jUJ jxu£i>l QujI jln,.u>VI mi^l jiaS ^Jl-s£u AjoujJI CulS Ijl —t 

:^jLtaj (j\ ui \S.1J 


• 2 : 9 (v) 
.81:4 (j) 


9:2(1) 

4:18 W 

.4:81 (Jb) 




4 ♦ 





kLhJU 


r 



Tb 































: JlL Lla ci: Lub 

U4 «AII — Y AibSJI — \ 

JlSucoLł Ścieli —V* 

: JULU iiluil : liil3 

4Jilxll j-a jUUJ h ^lfc JjLuj (Jbb ^i *LLij Xi£. P Jnx urill Jl Ccul — \ 


p = P a + pgh 


.AjlusjVI <LujL^JI 4J^kC g < JjLoJI *CiLi£ p < ^,P>* >,^ll P lu^ 


o/jjlua Jlx ,Pii </*> |jxiLis ^lUlC AibjJs ^j-uil^ jjlajjUJ cSi <,/*> — Y 


.IfljlsLi iKt j^l £jJul 9 JlSutub So^lLł jLa —V 


aj!i JJtl <ŁiKJI £ jśJI ■ . ...-^ l 15 x 10 3 N/m 2 jA cuj <u jl~m.il p-ljt £la ^k IsJuAII (jl£ I jl — \ 
(7.54 x 10 4 N) 8m SoaIIJI jkii I j[ Sotla ^^k 

jąJI laimŚJI I jla 3.039 x 10 5 N/m 2 ajjs Sosu* SjC* jlM ojlka -Y 

(4 Atm) ^jąJI h^.^llol^jj SjUuiJt jlkl Jklj hiińlt jĄjli 1.013 x 10 5 N/m 2 

9 * 

o ui^J 4000 N *bjj pLa jls j lOOOcm Ig,*W Lala JLlauI Sacli —V 

(4 x 10 4 N/m 2 ) j^JI £la ^k *Utl ldt-ua 

Sji CijJjj ujj jUl 24cm < 2cm Lukijbi ^SjJJjJ-iA ^i j-uSJIj j,L3LuaJI jLouSJJ — t 

SjjLJI <>>li i< M Jj« Sj3JJ^I Sj^iJI * \ m ^I . ^auSJO ^lfc 2000 N Lk^l jiLa 

(13.9 N, 144) . 0 iu£aU £jVt 

































inx tAll jlS Ijl SLa i 1 Atm 5j ^ a plo ^Ja-uj ojx, ^tAll I jjI — o 

1.013 x 10 5 N/m 2 JjLju ^Jl ki ,ńlt jl j 1000kg/m 3 *UI <C£bS jL Uk ?3 Atm 1^13 jk 
(20.673 m) 9.8m/s 2 = &ju jLąJI &kx ^ 

^jtJhJI jl&j 76 cm Hg ^tAjVI ^UaJI alt *Gplj2 j Jo^ki —1 

131 (jiaa £ju pl^Jl iilis Jsuuj jUp ouuju^li <200 m ^Ujj) jls I jU 74.15 cm Hg 

(1.258kg/m 3 ) 9.8m/s 2 <LujLąJ( <Lk*fc jL Lak 13600kg/m 3 ,/j-uJJI itilk j! aak 

hni ,ju £l&ijVI (3ji (jLS I jli .(jiij)j„^i Jli. <y £jj'imii) J.iau J^jjJ ^k ^jnj JIa jjk —V 

Ijdip jxi j M pI JiKlI (Al) dJjSj (Ali Jjji o 25cm 
= d..i,iA,jVt djujLąJI dl%cj 1.013 x 10 5 N/m 2 JjLju kjuiJI Jjb Lak <N/m 2 

13600kg/m 3 = JjjjJJt iibsj 9.8m/s 2 

(0.3332 x 10 5 N/m 2 <1.3462 x 10 5 N/m 2 ) 





















































: *L4i Vd,4,tl 


. Hydrodynamics Ss ^aJiJt.1 £jl^JU <Uuljj <QSLaJt £jtjit <Luljj (y> J^aJj 


• ^jljj Ulll^ ^jljj UlII t^l^l ^Lj^UJ (jU ^XAJ ^jULU 


ptetfć/yF/ow ££jt^ Jbjudtl 


IjLj-uj (^j-cuj JjLuJI jl JUL j-cujj JLa jju 3*GULb ^JJjj ^ * La JjLuj dj^dj LajLx 

p. * * * ź 

^jl^JI jbj-uJI ^-axuj (^Luuj^I) ^1 Laminar Flow ^ibbll jbj-uJI^ .LajLlulJ IjLjjjj ^1 LJLb 
3jiŁ <Xjla£ J£ jL oLjluu^I £jUI Ija Jjlajjj < Steady Flow j3~miXI jl Streamline Flow 

j^-u 2 u i ^LujVI Ijuft . Streamline oLi^uj VI buk ^aauj Mlaia IjLuu 3 Wi jl *uuj JjLuJI 

dJjj i Streamlines oLl.ujjVI bjbk. Jix jjLya ^u>jj Ajubljllil jl <Łl<LAa, Jl>^jj) J JjLuJI jLj-uj 

<£bl5jj V L^jI oUujyi bj)bk jJlaj La j \ — i ) JSbuJl La£ AilLkJJ JjLuJI *1 Ju^I Cii jLula ^jjjj 

dkc JjLuJI <Ja 3jjiu-d JLlaS JSJ JuJb^JJI 4Xj-uJI ^LujI JJj^j oUuuVI Jb <Łb^j ^y jx»LaJJ jl La£ 

Jbj)bk 4itjS) JOjjla 4bb jli£ CjL^LujJJ 3duu jj Ljj^£ j-aj ^jJI u bujdyI Jbj)bk JdC JJj^jj .AJbSkJI dJj 
3 jUjSJI Cjlx j-uJI ^ oUujjyi Jb^b^ ^L^ljjy I j-jJ.JCbiLdl dJj Jjl& JjLuJI Jbj-uj <Xx j-uj |ul> unVI 

.a «A4^M I CjIxj-uJI JX.Lljjj 



Streamlines bjb*- 




























I: {jbjodl 


Ja boli £ab£ j IsUtku^U JjLs jaŁ Ja boli <jV djLoua JjJa ^lt bab JjLJI (jbjou Jjjus (jjSia (jl ~ ^ 

.(jjiJJI jl ^iLuJLl j »<""« V 

4kaa J£ ak JjLoJI kjou kajaa Y Steady Flow ^algJI jb^oJI ^a -Y 
.Vortex Flow Ciblja a^ja V <bl Irrotational jl ja jk jbjouJI -T 
. Nonviscous JaboJI Ciliab <ju dl£kl ^ja oąjj V -t 


t fA otl ^bj-oJtl 



(jXr JjLoJI o Li mil AX, j-uj Cijlj I jl^J 

jLj-OJ ^jlgJI jbj-oJI (jULa Jk*. 

j jj Jjlajjj Turbulent Flow 
Jioi) Vortices ajjjI j 3 j_lLus o Lal jj 
CjIjUlLJ ^LlujlJL ^-oJI ^oij oj^jj .( Y — £ 
jajljus Ja jLiJI jluml Aj^jjj Aj U . 11 Ai I 
Jal Jaxk> ^1 JU Jaxk> <>aj jak ja*. ^11 

.(V'— £ Ul) Aaal ^j a£^ d j^jj Aj Li 


: Ajj Aldbwj Jbjodl JdtJL4 


: ^Jj LaS A 4 <,/*> J jSbJJ (^jJI jl^JI jbjkoJl A-Ujl jJ ^i£ bib JJL^ U£jLOJ 

: Cki^j Flow Tubę Jbjou Aj ^jj] jj-uajj 
.Lataj Ajjjj^I JjLoJI ^Laj — \ 

L^ia ^jbb ^jJI JjLoJI AjljSJ Ajjbua L$aśjb J^l jjS. Aj^jjVI ^Jl Jbjj ^jJI JjLoJI AaaS JjSj — Y 

.iola oajMJ Jjli jaŁ JjLoJI jV Ijib <JaJJI (joia ^kVl cijUl jj£ 

Jbj-wj JjJLa JajjJ AiMc jj j . JaJJI £j Aj ^jjVI AlaSj (j I Jj£ JjLoJI Jbj-oj Ax j-oj jjjuj V —T 

. Continuity Eąuation AjjI ja!L oj^I AbLxa ASibdl o ja j <Aj ^jjV) giaia A^bua j Aj£ jjoj JjLoJI 

JudaSa JjlC oUobVI is^bb. ^i£ Juj^a£ Jujpuia jLibb <Ajjljaloi^l AJjbcaj Ajjju La dljjVJ 
^^^ J^Sjj <A 2 ^jLIII j)j.otiI ^laŁa A^Loljj JjVl J)ioijl ^bŁa A^boa <(£ — £) JSLxi ^ LaS 
2 V — A 1 v 1 jib oUojyi Jjjlj) J-AjJI Sj^ j Aj <a^LoJl) J^Lk O Lobii JjLoJI 





































Aj ^nkX I JJ£ JjLuJI AXj-uj Vj ij* ^ 

S j-^.j oLuilil JjLuJI a_1j£ Jj£j La£ . 
uIjluU V1 JjJLA (^1) P AjSIjS jjl J J^j-ll 

•Q m = pQ v = P A i v i^(^ 1 

^JjśJI oLjuuaj^I Jjjla J 1 XIj j 

pQ v = p A 2 v 2 ^ A 2 Aj*.LuJJ JiLk 

CjjIj .fttll oLj lu uV I Jjjla jV IjlaJJ 



4jjl jfll rnYl AJjLs.4 g~l 7» I i u V 


: Ó^ yLjauJI £JLa. 


PA,v,=PA 2 v 2 (4-1) 



A , 

V i = A 

V 1 


a 2 

V 2 


A, 


(4-2) <ji <<ujij <r>»i Vi 4jjtxd ^a <>jAj 


Vi 


i 




A 


©' 


Am 


4^Lul 6 !■> ui?>C o-ujGjj eii fi <Oaiłj ^1 JÓ£ JjLuJI 4£j-ai (jl (jojj (4-2) AŚMjlII ajJb (j*J 

*1^3a A^Lula JjSj LaJJ£ Ajjjj I jjjuu pJLjj oLcujj JjLuJli .AiaiLJI dLIj JJ£ Aj^jj^I ^laŁa 
^ JjSj La jj£ jjSl Ax. j-łuj ulmnj < (aj 

^X 2 i «(3 —fc JSaL) (A 2 ) SI^JłIsAa A^Lula 

Jjsl AJjIjA~ 1 u>VI aJjLjla 
SjJJU-d A-1 jS jJJJUJ <MjLoJ tjJjJ jl jJniLĆUJ 

Am = pAV o( ^a dlisJI dóA < Am < 'A« 
GBS3 ^A Ax, Um ( AjAx, = pAV 0| ) 

^ , ^ V ' yjU * ^ At <>j ^ JjLuJI l^^JJ AŚUJU 

JSjjj jl jjV i JjSj dJjjj 

U -*3 6 ^2 V 2^ = jl (^1 isli-^j^U JjIS jaŁ JjLuJI jV Aj^jjVI (ja j^VI ojL^JI ^Jl I JA (ju£j 

Jjjla jl (m 3 /s) Ajjj ^,jj Qv oLjlułjI Jjjla ja JjLuJI uLmuVl Jjjla jl ^k LlA jjSLUI ^jlajj ^j 

aJjSJI pLSj J^jLs ^Aouj Ija j .^-Ll4a a^Lula (^1 jj£ CjjLj jljiA Luk MSj (kg/s) Ajj^jj Q ^JjS oLluuI 

.AJjIj-ajuu^I aJjIjla c£jjfc i Conseryation of Mass 















































L&a J2I Jl L$-i£ AjLlala jjSkJ ^Jl £jJj SjjLbJI ££^ 

<>dAj . (V— O jSui) SjjUaJI jJj (JJ-^ ^IfcV *-3J S^ 1.um4 Ci^J yb 

Bernoulli s effect Jjjjj SjAlli ^lujj Sj^liaJI 








3 jjllaJI jijj iaJu-cJI ^jLUI SjUI 



Sj^iLŁał I j-tLaJ i^S 


7 


































:o ui^kll cm La jlaS ua i <0.1 m/s L^j pUJ jLj-uj 4xj-ujj J-la 2 cm La jbs aLia Aj^ ul Jąkali — \ 

.^juAJI pLLI jjju ( I ) 

Cut£ I jl) 4 _>^jVI jJblila (j-c g-bŁa (^1 J^Lk <ŁLi3j j£ oLco-u ^jJI (*Gli£j a p-LLl 4 jlo£ (o) 

(1000 kg/m 3 = p-UI iiOS 

:J^1I 


Ai v j= A 2 v 2 


71 (0.0lm) 2 (0.1 m/s) = jt (0.005m) 2 v 2 

7t x 10' 4 x0.1 _ . . 

v, =-r = 0.4m/s 


Ti x 2.5 x 10 


5 


: {ja ^jolu oLuAJJ * ^ ^ H Jjjla (o) 


Q v = Al v ijl A 2 V 2 

= n x 10' 4 x 0.1 $\ 7t x 2.5 x 10" 5 x 0.4 
= 3.14 x 10' 5 m 3 /s 


: JA &Li£j oLoilLI cliJJJ 

V 0I = <^x 60 = 3.14 x 10 5 x 60 = 188.4 x 10 5 m Vmin 

(1000 kg/m 3 = *UI <C£QS) iuLuUI UZ1\ 


PQv = P A l V l=P A 2 V 2 

= 3.14 x 10' 5 x 10 3 = 3.14 x 10' 2 kg/s 


: pGLSj iuLuuJJ 4 Jj£JI 

m'= 3.14 x 10 5 x 10 3 x 60 — 1.884 kg/min 

0.7 cm = ojbS cii£-IL uJ sjj I ^jJI ^iaU cbmjjlll as. j-oJI ~Y 

I jU ( 0.35 cm Lg-ia jb3 wJu-^u) pLlujlujJI (j-a aa£ ^jJI (j-aj <0.33 m/s 




.l^-is ^aJI ax-j-uj - ^ n.xU 30 AjuuujjJI Ij-dJI a ax- 

























A •) — je r 2 x 30 dj uu ■ jji (joijjiJi <c^Luxo 


= k (0.0035) x 30 m 2 


A, Vi=A 2 v 2 


k (0.007)“ (0.33) = k (0.0035) 2 (30) v 2 
4 x 0.33 


V 2 = 


30 


= 0.044 m/s 


CjI j ii x CJii 11 ^ jJI ds .jmj ^JLiJLj 6 0.044 m/s AjlujlujJI j-ul j-oJI ^jJI 4x j-uj jl 

jJuuiS ^jLjj ui<VI JjLu ol-J^C jJI J^VI < 4 jjlLl» <Xj j^jJI 

Ux Jbuj (GL^jou)) . (jłJLLJI <&l SjjS ^Iajj Ll&j .4-ul jjlII jl^4U La jjjJj j £. tcu^l 

.jYlln* II <&l Jjj-US <((jj£ J-UłJ 




(Viscosity 2L>jjdl 


: Uta 4^jjlll dljjl 

(julaUI ' * u2u ALL jli LujIS I afria JS Ji-u ^.liu < J^L^, ^jUj! cT\a (jol&5 ^Jju — \ 

cjLluuI 4Xj_uj Jsu^iGJ .^j-cujJLaJI l^ jA^fl < ' idj Jj" v< ^ ^ 4 * A ^ ^ 

.jdjLaJI (j-o ( JS 

<ŁlLG jjSd 6^ J^kl SjLuu jl <^)Jj uU-l^l qLlul)| 4X.J-UJ ^a jjSl Jj)^ll uL uiM 4S.JJLU (j\ 

.dJjJ (Jlj uuJ^JI AjJjLS jJlSI ulhtU^J Jj^SlI 

jLuta ^ w J^V) jILadj <pLXI ^jolo ^^ ^ ^i£ L&aI j^l jju^j £/djLalLa (juul£ j — Y 
j jSj ijUjLujJI ^1 la^iG^ .^L^JJI jua jLujj ^/uujISJI JS JjLoJI <. dfla . J-iojlJI 
^LujJI ^ 7 1J^kl JJU (jdjLudl (JA JS 4dJ^ isu^iGJ JjLuJI ^LoJI ^J^kj . J^-ujI Lu-JI 4£J^ 

• u' 





yjs* 5 


JuaJI g 

































Jj JSI ^L^jJI JLuj p>m &AjULa jl ^ Jjj Lja jJiSi <XJj)g Ui \ p>m i JjLuJI dj 2 cJJ — I 

.l^J J-łojlJI £ajULa 

.jjSli 3jlli pUJ j^, jaLuiI Jruj. J SJj^j 3jliij JjLcuJI ^1 jaI jju JjujlII 4£^ cJ £jjj — o 

ojS ^j^, ff jQJIj ^UL 4 jA ji oj3 ^j^, JjVI jLlUI }Lajj < jdjjls jUjLaja jJjLl^a jiJj —V 
^Ul (jiijj LaA)ja.I ^sLIjj (5Lla cjL^JI j-a) JoJjŁajla JGjj jxj JuJ^L ^j cujI^JIj 4jAj£ 

(jijj ^Sijj .jl i^XI ^Jl J-ucuJ 3jSJI 43 jjlLuaj ^jll J-aJJI ciULI 4xLcu 4laxul jj juuj 

.jLł-kJLI £ls Jl J-u£l11 43jJlIuu (^jJI J-aJJI Jouj < JjjjujIjJI 
3 j£ 43 ijjlLuaj jJI J^JJI j-a JSl pUJ J^Lk jLdJJ £l3 ^Jl J ugnl 3j£JI 43 jJl±uu ^ jll j-aJJI jl j^j 
jjS! jl j4a i 3jSJl 4 £^jL4j Jjj cuj-L^JI jl ^_l£ Jjj Laj jJj tuj-L^J) jLd&JJ £l3 ^Jl Jj^lIJ 4JjLa-a 

.yj pUI 4 -a jLIa j-a 




JjLuuJi kl)L2uJo ijrtj c£llSuL^-Vl 


: ^Jj La j^^Lkj "J jSwAj (JJuuj Lajj 
I^jjJjIS jj^j JjIjjuJI j^ju — \ 

j\ ui^dl 4 £L^jajLŁa JI 3jjjS 4£j-^JI jl oUuij^U 

. Sj U (/*> 4^^jJ Clij ^ - J 3j UL (,/*) I^J3 
LgjjJjlS jjSj jjj ulJ^JIj J-łujlJIS JjIj-uJI j^lsu —T 
d£ L^jjjIAa jl j\^ 3jji-u^ j oUuuUJ 

.4jJIx 4^.jjj ol j ^j 3 jjjS L^ji ^Lul^> I 


JjLcuJI jJ 4jla£ Jj-t^jj 4^jJlll 4juudL:^ x jJaaiU J 
j^VI LaI jSLuj LaAJ^I j^jjj-ula jJ jJ 3jJ^l^a 
^ jJJ joj^LLI JjLoJI 4 A tU .^1 — 0 JSuuj^ V 4£jJUJ dj^JJL^ 
^jil joa^LŁI JjLcuJI 4a 4 U dj^JJ Łajaj LjSLcu JjSj JSLcoJI 


jjI Jjj V ^Jl j 4 uall j-a ^jl jjj olx j-cuj jJJI Ju JjLcuJI ujU ilo d jj^jj j < V ^j 4j& jju juAjj dj^J-U 
^jjj i U jJju ^jJI 4 a iUH 4 x jju J-a J 4 a 4 U J^ 4 x j_uj JjSj Ćuj id jjLUI ^jJJI ^Jl JSLcuJI ^^JJI J-a 

: ( jJj La ^Jl 4 xjjuJI ^jjojJI jSM!LkVI I JA 


























(JjJUJ .4J 4Xud}UJ JjLuJI SAjJaj ^J.ŁuJI £jll ^jp uiJJ ^db-uJl Ju dt£l^l ^^3 jj ( I ) 
<3j-ujLuj I 4 J JjLuJI j ‘ ^ ^j~ 4,i4 M ^Jsuu Jaj ^ t^^CUl ^Jl 

dJ^kTi 1,11 u>II jaJlJIJ <4£J-^JI &AJd£ 4 jSLuj ^3 iUil jj_u£ <lfrjUuJI iJJJUJ I 4 J d ut<Tl4 

.^^Jjdl ^jill 4x j-uj jxtVn JjLuJJ LlLjlII 44 ik>ll 

JjjjljŚ iU^J jlj ^jJI 44 il^llj JjLuJI o 14 iF> j-o 44 iF> J£ Jaj dbTi^yi ^^4 j 4gj 1 m ^^4 j ^.jj (o) 
<L&jJju ^jJIj SAlaIo JS (j\j 4x.j-aJI * taj Jjji *Gjł Luuj Laj i{ j2>ju Ig 1 

Viscous Laminar Flow ^iLildl jUj«uJI jLjj-uJI <Gla £^jJI Ijj& ^.uuj 

JjLuJI CilŁdo ju dtSLL^I jl &a jULa jj <, * * tu jj ^Ul 4 ju^L 3 JI dJj 4 ^jjlll j . Flow 

U (jjś Ig, <A> 1 Utłuk ł 


2l>»jJ dl JsLmi 


3^4 Jj <Ja jj^li < 4 jjLj 4Xj-uu J ij VU1 £jlll 1 o 4 j-^j ^SJ 4 j 1 jlxj (1 — £ ) JSLŻJI ^JJ jJL* 

1-1 UL^C cj-luLl£j (A) djVUl £^jlll S^Lulaj (V) 4XjauJI (j^ j£ LjJjJs OuujLuj 3 jUI <>ÓA .(F) 4juuL&£ 

(d) (j^^lll (ju iULusliJI iCśLuJ .1 

A v 
d 

ui% 

(4-3) 


oc 


„ Av 
F = n — 

vs d 


.Sjj-jjUt J^Lsl^ i_uiiUIll OjIj (Luj) n 


vs 


_ Fd _ 

F 

^ vs Av ~ 

Av/d 


(4-4) 


: ^Jj US 4^jjlll J^Ljló cijjju 43^1x11 <>jJb jSb^jj 

4xj-aJI Ig.^c ^łjjlj 4CjL^.LujlXI 3j.^.j 3jjJJLl 4 jlxuLaXI 3jUl ja : JjLuJ 4^jjlll J^Lsla 

.^(iLuJsI 3j Ug.in 4 jjj^jUI 4iLuJsl JjLuJI JuSjJs Jaj 4xj-uJI 3j djl 

N s/m 2 jl kg/ms 4 jj^.jj 


































.dbrwyi pOjI 3 jJjlu 3 ji— \ 


. JSLUI £a 4 JVI pI JaI 4 jIa^ —T 


pUI 1*iaJ Vi ml jJ Lul jjI <3jjjiJI L^Ia. jjL J \ n\'\ Ci JJj-ll Ja £l jjI ^IJ Vi mb CuLijUl ŁxlcS. jUJj 
lJlx u^l aJVI pIjaJ Jfc I jaju oLuiaj La jlx j-uj 4aU 3jASaalII £a. jjill Cii J jl jJJ Ja jAj CiaajaJI 4aJLa£ 
^UaaI^I 1$a jJib Jjaai JjIjau ^Aauajj jl ^juulLJI Ja jlS dJjJ .I^jiS^ pLajI L^a 431uaaJI 3jS 
JaaajI 3 jJj-la CiaLS Ha Jaj <plj^VI diii 4 aaI jJI 4d jaJI jsJLj 4X j-uja L^jLluuI ^jx j 4-1VI pljA.b 

.CiaajaJI 4 iloc 3 jAa£ 4a. jJI Cii J jl ja 

: ćjLiSj^i) («_j) 




A \ą*\ m 11 jjjj jJI Ja JaaxoXI J 4 J ^1 4 j u ^£jJI dSJI JLuJl (jb j <^i 3 ll lg_i£ j-uj 3 jLilujJI ^.Lu La Ja£ 
SjLluJI Cii jLbl Ju JLH^yi 3 j 3 ju^ L-aa 1 j * 4 J^Lk 1 $a£^ pbu 3 j 1 alulL 1 pl jgJI 4 a jLia j_t^ 4 a 13 JLa Jaju 
4 auQJI j 4 a 3 4 £jaCUI j*boA.UJ plj^JI 4 -ajlib jU 4 JaxujHI jl Li i an 3 jJ> t^ll Cilxj-aJI j .<j^jVI J 

AA. j£ 3jUuJI 4XJ-UJ jlJjA LajAC J .4JMa. 4£jVUl flui^l 4Xj-uj £A bjjb cj-tubjj pl ^Jl 4^. jJJ 
J^jJI J^ILujI jl I JA ^JJUj .4X j-aJI j ja Lajl j Ja££ j-uj ^a cJ-cuLuj V pl^Jl 4-ajLŁa jU jULa 
L^lc j-uj ja a^JI ,^JI j-uHJI 3 jLluJI jjH LaJj dLIjJj <j^SdXI d^JI I ja Jc 4xj-uJI SjbJ ^a 4Jjjla jl jJj 

. jjl^!l dU^JLu. 

j^jJl UCLOi^J ^ 2,' ^JaLł^I 

i JiuuV t^JjJ : ^A $ {£$* Ćlibj Jjbj I^jU JjLuj gi UlujI J I JA lisji-uj 3 jS Jbjiuj jli£> 4 j 1 ^J-IjUI JA 


oLuj^aj .JjLujJI 4^jJJ 4 ^a3j ^-LcV JjLujJI j IgVn dbiI^VI 3j I 4 J JjLujJI Jj 3j 


.La jlaS cJl ua*i 3jbjj jl JjJ 4jutgj 4 Xj-ujj d ij^aj L^jI J^j ^Jl 4 -Lu3l 


AA 







































jJLa t A1 ikll (jSbAJ dJjJJ .L^JJluj Jj 4 Xj-uj jjjLi J ^jjl j-ó 4 tC J^L < ikll dJj ^1 j^UjJ 

ĆjJjo Aj li AjlpjjU JjJI a^-H t A-»Ud)fl aJU* ,^i <JllXI Jjjuuj ^-Ui . V j*l 1 4 * 4 ^ j*jJI Cii j£ ^ ^ ^ jls I jl 

iionj jljJji <l.g,pl ja-^J i ^jJI Ciij£ ^Lu£lUV A^jjj dJjj .^jJI ojloi jj 4x jmj ^i SjbJ 

JjjlU ouluj jUl Ax. j-uj Jilis b<inVb AjLoVI aJL^ ^i Ul .oj u\ jjJI Ss.jjlu jIjJj ^JLUbj jks 


.UjkS ci onj Jijj pl jjiaJI ^jJI Ci)jśJ j 1 m-Sn Cjj^o Ću^ ^n v 


kil 





































: *LuuLuVl : Vjl 

.AjI jj Ijjaa MSdu jauj VJ uUuuMJ aLUS S jLa J£ <£jUJ • 

:liJKu ojjLjVI j<TiuiXI oUuuVI • 

.LaIaj Aj^jjV) JjLuJI Maj ( I ) 

IgUA £j-Lj ^jJI JjLuJI AjaSJ Aj j Luja Lgji^b J^l JJ£ Aj^jjVI JijJ ^jJI JjLuJI Aja£ JjSu (uj) 

. JaJJI (joij ^Vl u9jbJl JJ£ 

^Vjjl Jjjju JjLuJI oLŁib Ju dbśu^l jl AajULa jj < « * ujjj ^jJI A-lusLaJI : Aa* jjlll # 

.(jbjuJI Lg.ua.3U 


A&juoJI Lguc ^łjjj oLaLuJsI 3j-±j { j!ł 3 jjJJlI AjauLaJJ 3 ^LII : A^jjlll JaLjla • 

kgnv's" A^.jjlll JaLjla 3 jj±j . 3 jj ± jJI Ug.in AjjjajlII AiLuJJ JjLuJI Ja jGLib ju 3 jj ± jJI &jlaib 

: aLaI^II ljL^^UIIj J^ul^ill % LuLj 

Q = Av JaJJI S juaj A Aa.LuJ;I JMa v axj-aj oLuJlLI JjLuJI a # 

A 1 V 1 =A 2 V 2 : 4jj) j a"i ...VI d_ljl_*_a • 

Fd 

^ VK ~~ Av <>* <>*% ((»? vs )) • 

($£ jaJJLI AiLbil A £. jjlu V <AS jAA-XI AidaJI Aa Luja A JjLuJI Ja Jufl ib Ju AjlujLaJJ S jiLII F ujJlA 

.ASjajJlIj AjSLuJI JuLibJI Ju Alualiil a£LuJJ cl 

































4J \juu\ 


t l«4 

a^ui jaiŁa -r iL^jui ~ Y £łm 

: JLUJI iLUu-l - Luli) 

jaC 4jjjj I ^laił-a <L^Lu±a l.» hl^C .I*«""» dJaSLi ^1 JjlC JjLuJI jjm jl CujI — ^ 

. 2UaMt 

.4^jjlll SjAlio ^j-uil —Y 
.4^.Jjlll 4JLudLkJ CaL^iiJhlll (j^JU £j-uil —V 

: ^JjU - 1^113 

jls I jl 4 j^- uVl J5l^. pLXI 4x j-uj cjLta^l 0>002 m 3 /S Cu La Jjjlaj 4jiii£l <Ł»^-ul pLa (£jmu — \ 

(20 m/s) 1 cm 2 l^jdaia 4^Luta 

4 Xj-uj Cul£ I jl jbS um%l 3 m/s 4 X.j-ujj 1 .2 cm L&jiaS JoUzJJ 4 j j-ui JMjk pLa jaj — Y 

(0.4 cm) 27 m/s L^ia pUI ęjji* 

jbjjiJI jla£ L-i jl£ I jLŚ 0.1 mm lg/ł.a JS jba lć*\ S j a x ut 80 ^Jl <-ix am ul/ij jbj-ai — V 

4j^aj S jjjulu JS ^jjl ( ji£ jj 4x jjju cjuu^I 0.044 m/s 4a ^jJI ^jUj-uj 4x j_cuj 0.035 cm 


(0.0067 m/s) 

I jU 2 cm 2 (^jLuu B Jia ^ j^l 4li£j dkJ 10 cm 2 ^jLau A Jia £la5j 4 j ^u ^laŁa 4^Lttxa — t 
(60 m/s) 5 jli£ 4li£ j-uj („i m^J 12 m/s ^^LmjuA jjs, pLU Ss.jjlu cul£ 

L&jjS. 2m/s pUI 4X. j-uj Cul£j < 4 X 1 0 4 rn 2 jVI ^UaJI JlLjj dLa-a 4 j^- ul xbŁa 4^Luta — 0 

pUI o Ljluaj I 4A j-uj o urO 2 X 1 0' 4 m 2 4jlg-dl l.g,xl^sia 4^Luxa ^ \ urn Ćui 4 j ^ 1 <Ai 

(4 m/s) .(^^Jbdl JjUdl 






























Wlttl SJb-jJł 


Utjlill jjjljl 10*1*11 JiaZlI 
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<r\b tt 


Sjlj^l 


AUOll 3 JL>^t 


uijLJtfi j__uij_a 


J^UII JjadJI 


AaJloa 


Ajj jljjJI ASJ-^JI AxulJj JiLk SjaLulla AjjIJ-ujX AS^ AJLi. ^i JUlII CjLIjj^ jl dljjl (jSbAj 

: 



o 


^ C. 

x>-° A 

cr o o 

o. o cr 


o 


Q 


•o 


d 


Q 


d 


d j ^ 44 JjLuj — o AS jćs* d j^dj jlX — I 

<LuJJjJ AjJL£jjl AS AjjI J ) ^ 4 11 3*4*4 i 


W4a 4dijjjj ^ d j^d3 


4jyjljjJI ASj^JI 

j Łkali Aj ^Sll <j^jj jSJI Jjlij ba^ cj ^Slu jjSjII Alami 4 .xa u i I jx.l a^lLj bLk.a 1 *. ^ ^ lal 
jjl jJ jlS jl <AJJ jl jjJI AS J^JL ci jJU <>aA /j^JjSJl Jjlij AS ^ AjjI Jua£ CiLS ^ dli& J Lkfc d j ^Tl 
^ Lbl j jjSd pili aMaII ^ Lilii o(jl ^N ATV ^lx ci-uaSl ^ Jjl ^alljSml CjLu ^Jlx Brown 

.AjjIJ-uJŁ AS^ 


: AjJ^Ij>-JI AS^>J*łJI jjum^J 


pLjj) j .AjjI jdu£, Aijjbj oUUbVI . 3 A^r; CjLc jmj (jL£ jl ) pl^Jl d J Vn 

jac jjjSd laaic*j .jŁkall AjjSII j^jjSJI ^jjli j £ 5 ^dsu^u LaS Jl Ig i ^abu^j dJj L$dS^ 

jli i Jjlim CJjLaJI £iLAjLu£uJI JJX jjSl AJlULA AJŁu^J ^ (jJJjSJI ASulSj CJjld^l CjLajLuSlUI 
(JuSju — jbdl CjUjJj^ jl dJj =\ cJJaallJ .3j-U^i Aibal jJJU <>L^jI djJ^JJ ciJ-cu jJJjSJI Aiuij 

(\—o JSui) S jlj-2dl Jjtij bjl j-ulc. UUjI jjJLji < ^jLu^jJI AajI j j < ASj^JI S^ — AiluaJI jljll 
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4jub4L3^f J <r%h tt 


3 jl3 JL*^P 

: ^JjIa dJj <ja j-^iGduuj ^1 j 

La£ jA- t tlI Ig i a \I ^ pOjIj <3j<v\ u\a 4_ulj-ui£. ^ aJL^, ^i JUlII ljIajj^. 

.L^jjIL^j ^jJI pGVI jl j Ja> ' a ^jluaTi 



jUsJI CillTc* pu ^LujjJI CiliLoJ^I j ja* a ^jll 3 ^j 


: l5 Jj Ia£ AjjjJ^JI oliLuAL ci jju JUlII Cilljj-^ ju AJL^li o li Lula j j^. j dl jjl j£aj j— 
jjjjJS jUu jbdcA ^jji jLjuuSjj jjLuuJI JUu LjjJa Ijl i\a Ltj^l IjI 

^i j^Ij ^jjjjaVI jjjjJS ja pLAu AaL^-uj j jSj jaLoujlui jjjjc <(T— 0 JSdij^j^jjjjgJI 
— j^jjdJ^JI dJj ji£ JLŁ £i11jJa>. jL ljJ^. La j mij jjjl JS Maj ^j^, j lumVIJ jajJI 

£A J^jj ljjc^, (jjLuilll jLŁ oLi-ij^. (ju 4±udli o li Lula 4-LLkjA j uujj — £ilj£ jd 4jijS jaX j 

—jjLuuJI j-uujj LaS . jlaJI jLyLLI MajJ AjLIjJ^. j uujj Jl ^jajjaVI dJjjlS 4 jj£La 

£a jaGj jjdigJI AJjjiSjlt CjUjJj^ ^ju AlusliJI CiliLoJlI JMk Jiuul ^Jl AiOS Jil G j£ ^Łj 

.^iiuuJI jUGJJ MajJ 4jLjJj^. J-UUJJ jJI j*JJJJAVI JJjjiS 4 jjSa AjljJjJ*, 
,4 jjJj^JI OliLuJsL ci jJU lj V UM 3 jJjS 4-lcdli Ci li Lula Ig, i i i jlAJI ljGjjJ^ jl ja! Vi un ^JJ-ui Laa J 

JUlII CiIjjJal o jlijj Li v un 3 jjjSJI AjjjJ^JI oliLuJJ ^laiuj luj ^Ulu^jMI CjIJ liJI <SjLti I ja jSJjj 

.jUlJI MLLulj ^jJI JLi iJbAuill l^-u3jju jlc 
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- -^>N 

JlsJi ^Ijjajsll | 



T 























































mm- , ■ 

wUtfLtft 3 JL>^t 


>o(jl^ł J^tji 


jSwoj JliJI ^ ^ ^ SjSjla La jUlI (j jl j-^JI j,uuJl ^LiJ ^pjl ojL^lil jl jSjjkl j-a g. t tr> 1 

jl dal^aJI AJL^, ^ jgt*Vl V 4iJ,JLfagJ 1 £ Jib Jla jl 3jlj^aJI 4 a^ jJ jl JaJt-lAJI (JA JS jJJLJJ yl 

.LgJLoibl j£aJ J I 3 J-LS-U 3 Jbliu^uMJ IflJjlllS yV Jjl ^.uJI 




1 



J 1 ^ 


^.JLt .u <La Jl£ d^lxu 4ala 4xuljJ pi 3 

^Jl CiijjiGa 4 aMa j 3^3 jLUfir^l JJ J-kU Jjl 

ojL^j ĆiMj dJaJ .Sjlj-^JI 4 ^jjj JhiuGJI j 

(jjjjJLla (ju 4 sMjl1I 4-ujI jjJ ^jGGauj Lg-la J<.a 1 a 

: ojLadJI dJJb ĆJllJI jjJlUlI ~ 44 £a lali 

Cij-u jk 4iai-tGj JliJI 43^LxJI — ^ 

•(ck^ ój^) 


jJlŁ 4j jl4^.jJJ JliJI (jU 43^L*JI — T 

.( JjLoi Jj^aU ) 4tni tri Cl ^aj 
jjlc 4ajl4^.jjj JliJI i*)* £ju 43^LxJI — V 

.(^ Jjjali jl JsyLGJI (jjjl£) 4a^^, Ci ^aj 
.CiMaJI CiLsMaJI (ja JS 4xuljJ ^LLaoi JjLlajlojj 


:(<Jj$j j^JLa) A3jlj^ lj^j3 jLLc ji;t< J^u 2lja^Ułli Vjl 


JI 42 JI ^jJCLiuj <4ajl^ 4^jJ Cl ^aa da£ 4ki_u3j JliJI ^ Jr^-S-a jldiLa ^^ ^ JjU 4S^jdl 4xuljjJ — 

^kl qa l^JjJJ IdAJ 4a^JiLa 4 ^L^-uj 4jluli ( A)4aaa.L^,J 4a^ajI ^a ^) JSJaJI J ^tajAl 

^k. jLaj j-uV I J i la Hak I j-p 4a ^ajI AJamjl jj ^L^JJI j-a (B) (£j^ f 4^ ^ajLa (A) 4a ^ajVI Ja-ajj 

.^ajJJI 4jbXutjLa 4JuaS 

IgClatul(jSbAA 31 j-^a j-LaLuxa 4jMa ^.Lł JSj jj <Lilil 3 J£,IS ^k CiaJ-a C 5 -ui 1 j ^ ^Ga jjuVl 

(jS G aj Jixul ^Jl ^1 ^k.1 ^Jl ^-uiljJI ^jliil J^jJa ^ic 4SjA^JJ 4iali ^B 4 aiVI j . Lataj IjluiIj ^uliJI J 1 

.(^1 lj\i iVi 










































2jl>>jl 


JjljUtll jruljJL>* 

: AjjVI Cii jisLaJI £jljjj 

^jjjJJI ^dami \iA) Ji-uil jl ,AJ ^Jl (B) Ajjjj^I dbjj^j £p (A) Aj^jj^I jJJJ xjij — ^ 

(I V— 0 JSjai) IgA usTip Jj£ (A) Aj^jjVI 
. j-^.1 j f( M\ jp m a L^ji ^jjjJI l^Pi m (jj^j jjip CriJj^ jjVI jV I j 

Pi 0^3 < UaxJ>j (V ol )j ou^aJ.1 *1^1 (»ąa O u ^ i 3 (A) £jjJVl (3^ “ * 

.jIj jjUJI aIsuuIjj Ajjju ^ jJI P a cmHg ^jjaJI I^JuAil ^jLuij 
plj$JI ^aa (JojSj jj JjL j i(Ciljj^.iJJ.m S JL,) AjjuIjlp AiUaj , JLlI ^Jl (B) Aj^jjVI dj^J — V 

ui^ h ^ (jfc^ 1 o^P 1111 <>? cib* 0^3 ‘ ( v 0 i) 2 o^i 

.(o V — 0 Jsdu) P^—P a + h ja jj j) i^XI p)^^J l Jnx (A 
jjkl AjjuLIp AiLuiP ^-krl Jl (B) Aj^jj^I djj^JJ J3Vl ^l£. Sj-p aLiLuJI S^IrJJI jjSj — t 

c)U ijj (V ol ) 3 < P 3 

JjjjJI ^Jsloj jsl (B) Aj^jj^I ^JJjJI ^Jfluu ^Juu^li ^j^, Jiuul ^jl (B) Aj^jjV) dj^J — 0 

P 4 =P -h jA P^ AisJu ^j (V 0 i) 4 <J^dj (juj M pl^Jl ^^ ^ (juj^j jjj.1l j Cii jJlpjj-lcu jjju (A) Aj^jjVI 

(-^ r — ^ Jsjj) JGj > JJ jVl (3^jJI ^da-uj Ju £lijjVI h Ću < 

jjijj j (^j^l AiLuiP Jiuul ^Jl (B) Aj^ jjVI djj^jj JSVI ^lLr (j jiJ Sja A^jLoJI S^kJdl jjSj — 1 

.iJjiJI c)U ijj (V ol ) 5 , P 5 
^Hjj V ol jliJI Ju AjjLu a 3^X ji_ujjj —V 

J_ 

J ^yi J^aj*l ( p ) >>> (Ali CJJ ^-ailjJI 

(i — o) JSLuJI LpS ^jSj ui a Jb ^1 l 

: jl (jujj AjjLuJI aJMjlII <>jA <ja j 

J_ 

p 

: j^j a5MxJI a ja j-p j 



V ol OC 


UloJlII o jJIj j jULil Qu a^MjlII 


Ąp>> (A t _P Li UL^fc Uauljj UUjuLjJJ jLŁ J-P jAJLP jljip 

Jj^j Jjjli J^u jA I JAJ AjjlA j^jJ Ci^JJ JJL 

































J <r\b tt 


*jLWl 


<ÓHićh 


const 


l(j\ l^\ V^ — -—- Ću (5 J^l <bij£j Jj^j 4xbuuS JSaa J 


PV ol = const ^ 5 - 7 y) 


Lub Ijl a£a Jlx Ja AaaJLa 4ja£J PV oj-uUI Ja^L^ JjSa Sjl jj^JI 4^jj Ojaa ale 





co. 


o. 






:4laiaa LJ^ab JLle-Jlill {4^>» ^ j3l 


.SjjjaJb JuaSalj Sjljj^JL jaaal CilJliJI jl ^Jju 
^A j AiliiJJ Ci IJliJI Ja ^jjluutl ^jjall Ja JSJj 
9 ^JjLulLa jJjlbaJ j*l jJjlSaa Cub i*)*, U*> Cl^b 

dJj dljjV 

JS &a ji j la Lal * ^ «v H J jujLmla J\ijjj a^b — \ 

^le 4 uló 4 j jal 4a4 aill Ijlauu Sjjjaua Lagaa 

< 3cm jl 2cm dJ^b buuk J£aa ^ie ^^alj l^j Aalli <Xj^)J 


4 a jblaAja£I ^a J^JjSLII auaSl ^lb jl pl^gJb Ip^Jaa j^VI J m^Vb IpjJLaa LaAaaJ J£alj 

.(o - o) jSoi ^ la* pU 

JjajJJI ,K>^ Lgbj^k\i ^1 AibaXI jlaSLa Ja^Vj J^LuJI pUJ Ja MjlIs j_^JI pla ^Jl ^SLudl —T 

.la^aa JS 

CiljUtJI Ja AjjLuiIJJ ^aJI J ^le Jjj Laa jCujbula jGibua jlSjabj .^Jha. J la^ib 

£3 jll Ja j lgb> Ci jju £a jlalU jailj Iga jl ^ jj Ciftfri jl I jl Aajbula jJjUbj jawili 4 JlL1^XI 

.la^lj LgJ japail Jabt-p jl 

:Cub tA> Ci^b jbkJ japail Jabcp 

jj Iga jl j-^. 4^ jj cmii jl Ijl 0°C 4^. jj ^A j jbdl J-p ^ Sa^ j SjbJJI jlaSa ja » 

(a v ) Ja jJb LgJ Ja jjj » Lub l.g.hl tA> plij ^a ^ajaa Sa^l j 


j£K3\ yud\ fU 




dpLbii 



JIS 






































LjljUtłl 






ajULUi 3 JL>> 


:( JjLw JjjLS) ljjj3 jLuł AJjIj^* 2L>*j^J jUJl 3 j 3 VtaJl :Ldt 




,1 —. 

plil jL>u J^>jJ 


J-jj}J1 j -0 bj I rk a - 


kl>| flJj 

• £*ii-o £L>jJI j-° 


JbLLa-ll j-o SjIj-jjj 

■* d i$ * ii 
pUl jLkj ęa^J. 


Ojjj jl a^. jj j jUUI ju asMjlII A-ujI jjJ 

oSjJJJ < I 1 — ® j J-^uJL JjLuj jl^3.JJL% A.U1J A 

AiisLa lmm Jl^ Ujbśj 30cm l^Jjb Ai^l^j ajjjj] ^ 
pl j^JI J-P Ajlo£ jxUl^j ^Jjjjl ^ 3jb3 IgJ .l$jijb JJ^I j-o 
3jbxoa AILllp AjjjjVIJ < AjjjjVI J^»l J 

CsljbukJI £JJJj ^L^JJI J-P ^jljbuuii pLjI J^lJ Ajj jJ-p 

: AjjV! 



j^Loi jl^ 


<^L^jJI j-p lJ^Ic J-kl j ^jLuJI ji^JI £jb jj — \ 
djJJJ jljj,urn VI jiJ jaiJjjj^p yUJ^ki ciuiil !^Iajj 


.0°C ^Jl Aj jjjVI J^l J pIj^JI jjJJ ^jj*. AjouHp 3jli 


Vol 




JjLuj jjjIS 


bJubJt Cj JJJ JJfc 3jljJiJI A^jJj j^^JI AsMfc 


a aUua Aj jjj VI uV Ijlaj (Vqi)qo c <Uą^aJ LuiLŁa j^aJj ^ill ^ t,l f-l^Jl J^b ,j*jLaJ — Y 


.^-biU 


V^J 






































LUl Ul I3 JL>.jlł 

3oa jUallVI £-a Ji-tuJ ^Jl ^iel ciUiJI pLa jUj jj-oj jal < pLU j O-lL^JI dMUl £ji j — V 

IHjj i (JAJj M pl J^JI JJ-aC Jjlo (jutibj 1 00°C (juj M pl^Jl 3jljJA, 4^.jJ ^ILa, HujlAa 


( V 01 ) 100”C Ó^i <U ^ J L “ l 4* 


^Jl21uia lal Ai^Lsdl i>Ju& (jl O-au (o 1 — 0 JSuai) 3jljaJI H»jJJ V 01 (JU 12 Me fi-Ui jJ — t 

-273°C Ha 2 ale ^SiVl jj-^Jsl ^Jriśj 4lU < inUI IIa Ujo-a lalj 
:425LjlII (j-c HJul oj-u ale pl ^ H aaHII J-aLjla juu — 0 


a v =■ 


( V o|)l00*C-(^ol)0”C 


(V ol ) 0 " C X 100°C 


( 5 - 2 ) 


aLa. ja JH - ^jLuij 0 i y pl^±1 aJI aa-HJI Jubca jl I.Jae a^j a2j 


273 


HjLuila jjjLLu Cu 11 ln>, iA CuH jolu lillUJ CjIjUlII ju HjLmlJJ ^J2 ^ ^ jV IjH j 

:^Jj LaS JjLuj L^eLus HuUJI aaA . HieJ) (juil liilAJJ CjIJLUJ oI aaUJI JuLjlX 


<JjL& j^ll-9 


iS* £l&j' J^J 0°C ale u^yi ju —— jIoIaj jle j^ HaS alajj <AI1 Ci jj! ale 

273 


. jlV jle ju £ajl£JI aaA *• lilii Vj Sa^lj H ja ajlala 3jljaJI H.ja 


; ljjlLc jLiłl 3jlj5tJt j3l 


3 jl o-ujj la jo-uju u^L^j 12jja 11.11 < ojli ale La jle Alxl ^ie 3jljaJI jlill HuljoJ — ^ 

HaS ^le 4jjjlVl jl Ha^ll (V — 0 ) jSul Ha»ii< (A)< (B) jGjjuaj Cila Hjjlii Igła 1211 

dJU (Y) i (X) ale a^l j 1 jl ma , /S! j (A^ < (^) 4 * Ul al^lsuu j^lLuu A-u jJI AUoulla 

t^°C (jHIj pl^Jl 3jlj-^. ^1 ja jou jal c^^JI 1^2 <^>JI LjLtaa ^j^^l ^ o* J)^XI pI^J l in* 

(1V-o) jsai 



^jiisn^tuun 


^ # 


15^ 


le-Lbii 


r 



JIS 
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4 ULU 1 3jl»* 





W 


V, 


A B 


,<—y 

■: 


>—/ 




lJ 


M 


■■ 


f 19 -® 


Cs ja 3 ale ia£-i3JI 3jljjaJI jjl 


a 


0) 


j^UViVI ^i 1 j-u ^ 2U/iJ jl t^°C 43jl4^.jj *^il a *La 4 u (j^^i ^jjjaJI j-aAI — Y 

(o V — o 4-ut-uJI jj Lajoj < (A) 4 \x u> 11 ^ 

^ jLccuj ^1^ (X) 4^^LxJI ^JI(A) 4 1 x ui 11 J 'ędcLUi a jju ^las* ^aŁl) ^ LLuJ <, * — V 

(V C ) <U ^' t* ( t 2° C ) ^ 3*3 (iji^ 1 ^ 

Laa h(cm) jSjJj Q\jla jIoAa .1 (A) ^ 4^kt^i ut ^ J-Lftj (B) 4 jjUxJI (jjajJJI ^Jslui jl — t 

^jLtUJ jlj^LCLS t 2 °c^'t ^°C (ja Sjl 4^. jj £lil jV 4^.sTi al aj) as ^ j) i^wXl p) Jnx ^ jl ^le Jaj 

.(_a. V - o JsJj) h(cm Hg) 

jlaiLd (J^jlslj ja3 j 3j^ JS »• jUu ^jjaJI pja Cslj^ 3ae 43 jLuJI 4jj^UI Luj^I I jIj — o 

:^JjLa Jujj Luli jlaiJJ (j^ill 3jl jjaJI 4^jj £liujLs ^^ Cs jju JUlII l*>> iA (C ś 3 jLJJI 

.3jlj-^JI 4^jj £&jLs 4t*>* (A alajj jUdl o^-u ale — \ 

4 ^jj Ciafojl lal jlaiJJ (joilu £ilLLXI CsljUtil 4 jjLuuX) IdjJuAII al ajl ^ ^ li Cs^-u ale — Y 

. 4jjLxLL4 jJjlSLOJ Igiljl^ 

CsJtij I jl 0°C 4^jj ale 4-culiJJ JbiuJyi 3a^j i 3 jLJJI jlji^ ^ JbJLuJI ^i 3 jLJJI J^Ljla 

^-v ^ 11 £jale 3a^lj 4^jj 1^1 jl4^jj 



^ E 

--^>N 

^UJt ^1 uŁyaJI A 



T 














































LjlJUtll jrul 




.nu ■ S k 


lojutolt <jjj1a) lj^j3 JUjC 2b>*jJj jLiłl Jaj AA^biłl : bil 


p /S p ^ 

(P o °C) A^jj jifc (juliLU c5 1usVI Jhiubdl uj ^b ouuIjjj JUlII b> >A _J 3jbJJI jl blac J^» j 

:^JjLa£ I JA jjjuj . At °C Aj jl A^. jj £lijj^fl £j dJjSj 0 °C 

AP oc Pq & c C 
AP = pp P 0 ° c At °C 

(5-3) 


p P = 


AP 


P c o c ;Ai°c 



i(A—o^ JSluJI jJJ jij Vi u li Ao^k^k o jjj jj£ JUlII b>, <A 3 jbJ J^Ljla x\ I j 

AjjUaj AJj^b (B) AjjJui Aj jjjb J <^m <<jljj^^JI ^jjSj ęrLakJJI j-a (A) £Jjjjoj j-a cj£jJJJ 

Aj^Ij '. JSj jj Aj 3 i 1 3 J^LS U jj JJ Aj aj a AjlojI j Aj^, jJ CuIj jA j < ^jCiajLs (jGjjl j J£jxi 

La Lcjj AjlulLa Aj^ jjb JoLbJJ ^a Aj^jjI AbuulA jjJUaJI Aj^jjVI jlo Jj^ujj .31 j^a j-laLula 









































4ULU1 3 jl>* 


S jIslula d^. jj j 4 jluj 1jjl 4^,jlll ^k JJluj Jl j .Jd ^Jl 4£J^JJ 4LIA (C) 4jjjjVIJ (C) 4jjjjV) J 

.4^ jlll d ( £Llla 4^.jda 

: 4jjVI J-oJlII CiijJh,A £jjj j 

. jILo jjLJI ^ldA2xuL 4j j-aCJI CiS j jjiJI >AII juu — \ 

* * 1 

Ci 1^jj ^.io^. (;t i LjjIj 4la ^3/UI pj^JI j\^k^w JIsllI (-Luj 4o^k^k — (A) £jjlLuJJ <JAdi — Y 

.(^L^jll JJi.^Jl Jdalii J^ljLO JLYjl ^ 1 LU JJLłjll ^ II Jd^UI JbldLb ^)l JubY) Sj) jJiJl 

^ 4^Llui jAj jj ^^1^.(0) <j^JUJI £jAJI ^A LLuJ caLaj pLa 4 j jajIS ^A (A) £jjp uiXI j^Aj — V 

(X) 4jujlp 4ai(x ^Jl j^Sfl £jAJI 

j^lAAM uAAąj Sjl jbaJI 4^.jJ Ci tu ^j^ 4 ±xu 11 p Sda j^Tii j ^JJu ^Li. ^ulSJI ^A pLU (j A un — t 

.£jjpmXL JiaiŁI £jAJI ^A ^JJI ^JLuu 

4p^UJI l> oAj ^Jl jAVI £jAJI ^A (JJ^jJI cr 1 ^ cr 1 ^ ( C ) t J^ 1 “ 0 

plj^JI Ink tr> Jd^J dJj j (h) <jSJJj jAll J Jj^JI ^Jsloj Ju £IAj j^fl ^A jjAll ^ (X) 

(h) £IAjjVI ^A jjAJI IAL^lp (cm Hg) <^j^JI IsJuAJI (^jLuu jaj (P) jSLJj 
^J lj^, ^Jl 4 j jl j-^. 4^jj j^^AYll £JjIauAJ djJJJ <j ^A unii JJ ^J jAail ^Jl (C) ^jAJI dj-^J — 1 

4p^UJI ^1 ^Jjj-adlj Jj^lUI ^jAJI c5 ^ ^[ (C) ^jAJI d^pd ^ , 90°C 

pl J^JI ,inx (A <,1 Ui Vl dJj (JA J (Jjxjill ^ j-ujjl ^Ji-Luuj QU ^LbJ^l JjiJ SjlJ-^JI 4-i.jj JUU ^J (X) 

.4JLJI 4>dA , i ^jyaJ^I 

pl j^JI .InA 4 * iaad S j-p J£ j 4 AJjlAp S jl Ci Li. jj dlc- Cii jb Sdt ^jjLuJI J^jlII jjSL — V 

.4AjLuJI 4jAjSJI (jak jj jx>J 4^-Xl 

jj^dl ^-U. JLJudJIj „iiVl jj^JlI ^kr 4lxjb Sjljj^JI Cilb.jj iju 4 jjLu 4A^Ic ^-uj jj — A 

: 4^MxJI (jb 4j^ibi. o jjj dJ£ jLAJI 4^> ^ S jLJJI J^Ljlp ui mVi ^j *^jA1xu^ iaA 4 AMxJI jl jjid ^-tul jJI 


(5-4) 





























i 




(J <r\b tt 






% % J_ P j >7 

4^.jj f Uj jl JSJ-^jLtuj 4o^k^k oj-u jjs. pl^Jl SjbJ J^Ljlp jl bJac j jśj 


273 

(jj£j l^a j y^, Cidic a^n vli CiiJU lII Ina ts*> 3 jbj J^Ljlp jl d ^.j dii j . Sd^lj 4 j* j <>jldsb 3 jlj^JI 

a Ai^il ^aSb 4J 

:^JjU ^Jl J-uo jl 4 ^jLuJI 4jj^CJI ^łjLaj ja jŹaa j 

Jsj (juJjJJ-cu 4 -bit-ui (J^ 1 -jldSbj jli (JA 4 JlULP 4 Jlp£ In* un jl jJj j\^^JI CiJ-U dA£ 

.JhiuAll ja ld&j . Sd^lj 4^.jj £jldsb 3jlj-^JI 4^jj ^Uj jl 


i( j^JS jhtn ) ^ .**, ^%tt 


.4ilL^ Sjl^ CiL^jJ JJ <juplj^JI j\^k^w (jubU (V — 3) JSbUU j-uJJ Jlg.^JI ^Ij^C-ajb 

^cJjdi ^k, 4 -ujLŁp SjlJ-^JI 4^JjJ ^-ujI jjl jJ^JlI ^k, (jU 4 jliLu 4Ś^X ^UJJ LuSbPJ 

^aSUuiXI Jb^JI IdA dAJ (^ ~ d ) bS j\.i<fi jalp Js ^k J.^,^,3 ( iVl jJ-^-tl ^k 4il^p (ju jjJIuj 

(-273°C )ud SjljJiJI Cib^jj jJ-2wp ^JhiLi 4 j d^J 4HpL5jlxuI ^k 




JjLui (Jjjli (J^ jdl^ jiLuftjl glin ml 



































4 UIU 1 A JL>> 


i Lu Lu LiUl <>jA Jjluu j . i jj*. 4j j^j ^ l^iJc L1 Lu2l^ ^1 ^jLillb AjUlLui^I j£aj La£ 

j^JLl (jlź JAI JjJJLcU £ŁJjjl ^-ic ^LujULa 3 jl J-^JI 4-2k jJ JjLAJ J ^-UJ jjl JLItiAJ 1 JjLAJ uU ^ 

( \ * — 0 ) (J£jaJI ^ La£ ma JolL ^Ifc Jj) ua^JI jaiu jjj-lc < ^iiVl 
(—273°C) j^VI jA 3jlj-^JI 4^,jj ^Jbsb 4 jI 4ilol^ILujl ^k, ^jl^ 1 xoXI JLUI I ja j^ jlcj 



/(S Jj^» 4 j j.lhl,i jS Lu2l 1I gilu ml 


JJA -273°C ^A bjlaj I 4 JI Jj-usjJI jS^aj 3jl^ 4^.jj J2I jj£u (\ * — ^ — 0 ^ jbSLiJI j^ 

,!nk iJ ~>j lAjl£ ^jjLu ^jJI 3jlJ- 2 JI 4^»jj ^A 3 jll£ ji-us jl ^JJall jLl £Jl ^ałuj La JjLSj 4^.jjJI 

jU £jJJJ °C ju jjJJ-uj 4^Jj Lajlu LajI J 4j^J-A 4aa3 jAK juLilA ^-k. 3jlj-^JI 4^»jjj 111,1 JLAJI 

. CjJLuiil jj uU ^i,l 




^ćji oiiiii 









































tjMj* 




*01011 3 JL>^t 





























































(jóJlil <uLuu ja .JjLuj ZJujlg JjII ^ — o) JS.»lILi <^jLxH.mVt ££aa —\ 


: ADE < ABC 

BC = (V 0! ), 

DE = (V ol ) 2 
AC = Tj 
AE = T 2 

V 0 i - T 

Yol = const 

T 


. (Vol)l 

(V 0 l) 2 

Ti 

t 2 


t * 

^łjjJj ^i£r Aj jl^ A^jJ UJjb LlujL u Jlx Ajjjlj AjlaS cju/uLuj bJubJI O^jj JjX 

. JjLi j^jUJ ajulus j . jkls 

:(jSwOj (jLlIIU AjLou A^jj-b j*i Viij (^ * ~ °) AjbLLuj^Lj —T 


P, 

P 2 

T , 

t 2 


( 5 - 7 ) 


P 

— = const 

T 


u' 

p oc T 

0 ć 

^cjj jj Aj jl ^ A^ jJ <*lj uj jb Lutu Lu JL£ Ajjjlg A-laS b> t.A> cjuuLjjj O jjj AJ£ 

.JbJuAll j^jLslI Ajlj-us <>, 1^j <( jklS 



































<r\b tt 





*&jJ\jJ\ 3 JL>^t 


ioljLŁlłfUJl 


<3 jlj-^JI jjj JhJu-illj AjMj Cii <kŁl &j J^S^oj La JUL djJLcu jl Uai Li j£j 

. Ci lj liii ^LxJI jjjULII ^ IjMUI Cii j-iilill Ja Jbj Jl ^Ul IsMjlIIj 



LaS Ciljli-U 

^LxJI j^jlill ^LilLujI j£tajj 

SjlJ- 2 JI jj ClJ-U JA£ 

V ocl 

°1 p 

jJ>[$ 


v CC T 

ol 

JjLuj jjjIS 

3 jlJ-^JI jj ClJ-U alt 

T 

V oc _!_ 

ol p 

:Jjl j-luj dJj (Ja 


T 

V , = const x — 

Ol p 

:1sMjl1I Ja j 


P V 

.*. - “L =Const 

P 



P,(Vol)l _ P 2 (Vol)2 

T, l\ 


( 5 - 8 ) 


Oljli-U ^L*J) (j^ilaJI ja I jA j 


Jiśj (jl (j^ jŚj 91 °C ^ d ^ Lai 450 Cm 3 (jxi^jjlxu jLlg ĆL 2 k.jJ jlfc ^ąa (jlS I jl — \ 

ęillj 
: J^JI 

(Vol). T, 

(V 0 l ) 2 " t 2 

450 273 

(V 0 i ) 2 “ 273 + 91 

















































iÓILUl 3 JL>> 


: CjjLj 4Jb JL-ui ^jl jAj 4-4^^, (j^5kJ 293°C ^Jl 10°C ^j-4 JjJJl^JI (jua jjJ cii UJ — Y 


:J^JI 


(V 0 i)i T, 
(V 0l ) 2 - t 2 


500 


_ = 273 + 10 

( V ol>2 273 + 293 

, v ^ 500x566 3 

(V ol ) 2 =-= 1000 cm- = 1 liter 

283 


CU1$ <GL fJ*JI £» 130°C jj* <Uajaj> Ui 59.8 cmHg ^ 26°C jli. .jflj.ua yls I jt -r 




: JflJI 


ą = t l 

p 2 t 2 

59.8 273 + 26 


P 2 273 + 130 

„ 59.8x403 £ „ 

P, =-= 80.6 cmHg 

2 299 

fźs 380 cm 3 fljas Laąa 60 cmHg tijua j 27°C &ą,jj Jjuij jli ^ jl jia -i 

ę(S.T.P) SjlJflj^jJI JjjLa alt 

:J^JI 

273 K jl 0 C° Sjl ja <EąjJ 76 cmHg li j u*> ■"» <G1 <>Q&4 (S.T.P) 

Pl(Vol) t _ ^2^01^2 

' T, ; " ^2 

60 X 380 76x(V 0 i) 2 


(V 0 i ) 2 = 


300 273 

60 X 380 X 273 


76 X 300 


= 273 cm 


0 ^ 











































ljIjIaJI jrul*UllQll3 JL>^lł 

fjA jl jlaj 12 cmHg <uk, ji(jjl iaixiJ( jj£j Lajjf. 15 liters a oą a Jla j^iiill jli qa jl dia —o 
ćujujj Jila p Ijl iLuaj 50 cmHg <uk. js)jJI ul .d.il Lsalc 10 liters <Uąu*. ...<Vi jLł 

i A (] A 'li* ja j 1 p.Qjl iGjLi (jjJlśJI Sjl<L ąjj CulS t jli <5 liters 

: J^JI 

5 liters I s-lj^M <Ł*_uj Jol^JI I j^_i JJt_uu (jjjUtJI (ja JS 

ijjjjliłJI Jai^JI jju Jj' ***** jlx Pi* iP jl^dV 

P V ol = P, (V ol ), 

.'. 12 x 15 = Pj x 5 
Pj= 36 cmHg 

iSilaJI Jg-ilaj ^»n< < sf I JL£ </*> jLxjV 

PV„| = p 2 (V 0 |) 2 


p = 10x50 = |00cm 


jjjUdt isjjli UfJ (j\h» <PII (^jLuu (jj jlć JsjJL^a .Pa, (jl Luj 

P = Pj + P 2 = 36 + 100 = 136 cm Hg 


rfjittl yilUl Juli ^LjJ-uJI 


1 !^ 


ćs> 


( 






























(J u~%h tt 




4JJLUI 3jl>* 





:4jlujLujVI aLiXI jj c£jjIjlaJI ^ \) 

jlj J-^. £>A ^jLu 2 UJ La£ jAjLjJI Ig. X 1 4 jAjLu£UJ i j 4 \\ U U 4 jjl Juie 4 £^ AJLi. JULII CalljjJ^ • 

.l^JJJ^U (jUl pb^l 

.4ajjJj^JI CaLiLuJlb cijju jUdl Cabaj^ (ju 4-Luoli Ca Li Lxla jj • 

.LfrkJt u~> La utźc uouOj jLe j-ó 4jujla 4ja£ jv%A cjlcuOjj 3j)jj^JI 4^.jj Ojaj ale : Jjja jjjli • 

* 1*** 

0°C ale ^.J ^yi 4 a^^ ^ ~ 273 ~ jlaŁoj Jle (j-o jola jl jsLa ^ ^ al ajj isJu-iJI o jaj ale : JjLui jjjL i • 
4^jj JUlII ^Ja 4iaLa 4juaS cjlojLuj jl .3a^,l j 4^jj La jlaib 3jl ja^JI 4^ja ^i £liljl JSJ 

.cub <**♦ aSiut i Ajij"\J( 

i 

dJajt_L <2 j-ó ' 273 " jląsLAj JLe ija jola jl aib .Ini alajj o jaj ale : j^) i^uAJI jjali • 

j-a 4 aaLa 4 ja£ P>> cjlauLajj jl . 3 a^lj *bkjj ajl j!a 3 jl jjaJI 4 ^.jj ^i £lijjl J 5 J 0°C ale <^VI 

.Cu La Ca aj 4AJKLI 3 jl ja^JI 4^ jj JUlII 

4^a. jj 3 a La Ja 3abJ J^Ljla = ^aaj^JI Ca jaj ale 3jl ja^JI 4^>jj 3 a La Ja JaJlusJI 3abJ J^Ljla • 

CalJliUl JSJ ~273~ = Ca jaa ale 3 jl jAaJI 

273 IjJI liLusu (jaj jaJJLu ^jjal ^le 3 jl ja^JI 4 ^ja = (jil£ jaj bib Je) 4 iibXI 3 jlj^Jl 4 ^ja • 

:4ul4JI -Y 

:jU jiiS (jubiU ^le L^j jlj^ 4 aa. jaT Ijt^>i u~> P a Jle (j& 4jujla 4jlaS ^ ^ V fv ,. jlS lal 

.3jlj^JI 4 ^,ja Ca jaa ale PV 01 = const Jjjj (jjjla • 

V 

]nx (,^ll ca jaj ale Ql_ = const JjLi j^jli • 

T 


. A^^yl | Ca JAJ ^ 

p i( v oi)i 


_ = const Jaj)» ur>H (j^jla • 

ol jliiJ ^IaJI ^LaJI • 

P 2( V 0l)2 * ^ 

_ = const jl (j\ 


1 2 

.JbJuAII Ca jaj ale 3 jl jjaJI 4 ^ ja aLaajLj abajl JjLjla 


a, = 


V -V 

v t°C o°c 


V 0 ° c x ^°c 


1 


“ 273 


.^cj^JI Ca jaj ale 3 jl jjaJI 4^ ja abajb Jnk, t?% II abajl J-aIjla 


4 


p t-c' p o-c 

P Q°C X At °C 


“ 273 






































Ljtj LiJl jrU <$3 




3 j'W 


SLSłiiłi 


:Jas1 :V^I 

:lgj <Ldl3JI Ja-^JI J^j CjI jLudl 

0 

.LLIj Jiaj (-^) .j ii jlkaj Jaj (cj) . j ii u^> jI jiLaj jj Jj (I) 

.k-kdl ^Jl (-A) .s. k b bjj (j) 

jli akiLi 5jlj^Jl 4-^jj Jj£j lajk Jli. (ja i\iXA <Lla£ ,bi kkfclkj I j][~N 
JLajjbJI J £uJJI £ li3 jl Jli Jjj* ^kl ^J| jjakl ^b-m <Ja Jiajjb Jijjl I jl — Y 

0 

Jli kki.ll ^Jl jilS ^jjjj ^k aj jlj^ <k. jj cJi j Lu Li JUlU .In i k Jl£ I jl —'T 

A v <^ill ajk VI j t V> : LliIj 
:^JI ^j jj SjLluJI jUbl 5jlakjj 3jb J — ^ 
jibyi jki j pi ^fii kik sjb j (^ 

jibyi jkij pi ^i ^ jjbj (r 

JjjjIaU ii i^MJLI ibkl <> pj^ji giodui 4 l^Lux 6 (j^j (r 

ajk^J ^Jj Lak cu-ujljJLl cij^cJI jjkl 

^ ^ < /ą> (^ 4 ^ ) (“^) ( \ < Y ) (cj) 4^>Mn (\* < Y < \ ) ( I) 

i^.u-> .bLii (r) (j) 

.Lujij ^jbu3 Sjl jj *Jl CikjjJ JAiS (jolka ^k Jbuiyi juu^ 5jlj^, akjj —Y 

310 K (_a) 373 K(j) 100 K (_ą.) 37 K (o) OK (i) 

: La Jli, J^ 3 Jj j-^ca <Liaś ^cujLlu — T 

5 * 

aikk O jjj jk aj jl^ jJ £-o 11 utSfc ( I ) 

aj jl j-2k akjj Cl JAJ jk aki-k £-a Lmilft (o) 

$ 

ajjljj Ci jjj jk aiaxk> £j bjj-b (-^) 
bJukJI j-iib jk ajjl akjj £a bj j-b (j) 
ajjlj^ akjJ ^Ju jk abkub j-a Lu^fc (-A) 

:^J[ Cub Ci aj jUUI jkuj jb 1 jl kl irijj 1 0°C jk jLiJI bi ir* —i 

410°C (-*) 293°C (j) 160°C(^) 80°C (o) 20°C (1) 


ę.\ 












































3j»W 




J uyfl tl 





.Ł^jaaS 


Lucu ^1 j^5V;/.. JUlII 3j!^ <Lskjj (^) 
, 4nl 1AT1 Cjlljj-2kJI AC jju J ( J ) 


^lai-iAJI o jaj iic j^l j oljUUI « 


: J^li ^-1 a^>VI 4^%% v,4<^V> ^J! pIuj Jlx iai-ułul Ijl — & 

.JicLui^luj jlAJ! 3jlj^A^jj(l) 
... 4 ,uaill ^Jl J^uou jUdl ioi,^ (^) 

, jUUI Ia3-u3 (^) 

:JIŚJJ 3fi ml : UJ Li 

J| jj^ill J^bu> jl Aij\ju JliS — \ 


.OljliJI CuLj AjI j Oiic JUlII H* <A J^Ljlo jL^jV a4j jis iuo — Y 

5 # 

?LlL&C Jj^jj j^jLa ^4^3 iuS —r 
S'p^^JI Cj^- u *uc 3jlj^JI £L4 j jL jIjJj JUlII *A jl A-ij.yULj j\^3 iuS —t 

? jAi£ jia-o juu iuS —o 

. jAi£ g-AjAJ 3jlj^JI A^,jJ3 j^lS ji-uD £juil — 


Cli JULU jiUJI jjilill Wnnl -V 

(jjjLij :LajIj 

.Aa\% j-=k jL4 293°C I iajLa^l CxjIj Alijij^ a^,jj ojl 4j 10°C Jj JL4. — ^ 

(2 Liter) 

,H4 *A j^SLą ^*£4 40cmHg Aj K4 .Al I jL l^lŚ (91-°C) ^Jl j^j 0°C A^jj ^4 pl a» JćiLa pGI —T 
(60cm Hg) 0°C ale pI^$JI 

a. 2^jj ^4 l(j n-k j^£j ^S4760 cm- 84cmHg L>4 >A CoJj 91 °C ^4 JŁuu ^ > »»**Vl j^ ala£ —\* 

( S.T.P3jlj-^-H aj^jjj IsdLuaJI Jjjlo ^4 ) 76 cm Hg H4 u~> Cvx>j 0°C 


630 cm 3 

jt£ la ^Jl pI j^ aIo La ^ ^ a i m’t ^4 87 °C ^J| 15 °C j^ j~k <>» pI jjł aj ~ t 

(25%) <iAj j 


i_j-ui^l (-3°C) a^jIj^ Aa.jJ Jj 1 .5Atm aH4 pIAj 3jl.im jLŁ^j 

^.^k.^kJ 1 o ^jj jAj 5 1 °C ^Jl 3jl j_^Ji (Lkjj 2-4 jJ j Lojoc jLL>VI Jj pl^JI <A 

(1.8 Atm) 

J_i4 1^A^k-k ui*i^kl 28cm IgA^k^k uit. pLo 44> CiaIa 1 0.1 3m J^x> ^lc. pl^Jl j>-a A£.L44 — 
A^k.jj j 7°C ajJI j l. ulXI J)a% H pLXI 3jf jjjh A^.jj ^jl ^4 j 3^JuLlo pLXI ^-L-uj ^Jl J 

1.013x 10 5 N/m ^^kJI H4 «Allj 1 Oms aa u* jVI ajj jL^JI aI^c j i"ic.I) 27°C Hu>ll 3jlj^iJI 
(60cm 3 ) .( 1000kg/m 3 pUI AiOs^ 





JljJi ę. 





js. 







































